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INTRODUCTION. 

In 1868 a board of officers of the Corps of Engineers, consisting of 
liieut. Col. J. C. Duane, MaJ. H. L. Abbot, and Maj. William B. Mer- 
rill, was convened to consider and report upon the ponton equipage of 
the United States Army. This board submitted its report on June 
80, 1869, and its recommendations were adopted November 15, 1869. 

The following introduction to the board's report gives a brief his- 
tory of the ponton equipage of our service and the salient reasons 
for the selection of the system adopted: 

Previous to the Mexican War no attempt was made to organize a 
bridge equipage in our service. During this war two complete trains 
of india-rubber pontons were constructed and sent Into the field. At 
Its close these trains were sent to West Point, where they were used 
for the instruction of cadets and engineer troops. A full description 
of this equipage is given in the " Professional Paper, Corps of Engi- 
neers, No. 4." 

It soon became evident that India rubber was not at all adapted 
to the construction of pontons — 

First, From the perishable nature of the material. The cylinders 
are formed of alternate layers of canvas and India rubber. The sul- 
phur used in the process of vulcanization generates sulphuric acid, 
•which Boon destroys the fabric of the cloth. 

Second, The extreme elasticity of this species of support gives to 
the bridge a rocking and oscillating motion so violent as to render it 
unsafe for the passage of animals. 

Third, The most serious objection, however, is that a puncture, 
either above or below the water line. Is equally fatal to the cylinder. 
Hence, a single sharpshooter from a rifle pit on the enemy's side of 
the stream can destroy these pontons as fast as they are launched. 

In the autumn of 1858 the India rubber pontons having become 
entirely unserviceable, experiments were made to determine the com- 

fosition of a bridge equipage that should be adapted to our service, 
n conducting these expenments the following fundamental rules were 
kent constantlv in view * 

Tirst. The mobility of the train must be such as to enable it to 
keep pace with all the movements of the column to which It is at- 

Second, The train should furnish the means of ferrying troops 
promptly and safely, as in the case of disembarkations and the pas- 
8a£re of a river bv force 

Third, It should furnish the means of constructing a bridge ca- 
pable of passing an army with all its trains over the largest and most 
rapid rivers wfth safety and without delay. 

Now, under the most favorable circumstances. It is very difficult 
to reconcile the first and third of these rules when but one species 
of ponton is employed. In this country it Is impossible. The immense 
trains with which our armies are unavoidably encumbered, the long 
marches to be made, and the numerous wide and rapid rivers to be 
crossed, demand an equipage of the most substantial character. On 
the other hand, the extended expeditions of light columns, which 
necessarily attend our military operations, require a train light 
enough to keep pace with the most rapid cavalry movements. 

Hence we require both a (1) reserve and (2) advance-guard train. 

The experiments above named Included the trial of samples of the 
bridge equipages used by those BJuropean armies most experienced in 
the art of military bridge building. 

Pontons were constructed after the models of the French bateau, 
the Austrian sectional ponton, and the Russian canvas boat. Cor* 
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nigated-lron boats were prociiredr corresponding as nearly in form 
and dimensions to the French and Austrian boats as 'the nature of 
the material would permit. A number of Birago trestles were also 
constructed. All of the above material, with the exception of the iron 
boats, was prepared by the enlisted men of Company A, Bngineers. 

The bridges formed of this material were exposed as much as pos- 
sible to the action of heavy loads, storms, the tide, and floating ice. 
The material was also packed on carriages of various patterns In order 
to ascertain the best form, both of bridge material and of carriage 
for transportation. 

The selection of the French, Russian, and Austrian trains for these 
experiments was made after a careful study of the various equipages 
used at present by the armies of Europe. These three nations alone 
appeared to have definitely settled on their systems, and this after 
much experience and thorough research. 

The Prussians and Spaniards were seeking for substitutes for their 
bridges, which had proved unsatisfactory. The Sardinians had 
adopted a plan inferior to that of the Austrians, though similar in 
some respects. The English tin ponton had too many of the defects 
of the India rubber to answer our purposes. 

After experimenting for two years with the above-mentioned ma- 
terial, the following conclusions were reached: The French ponton 
is superior to the Austrian in simplicity and stifTness ; as a ferry- 
boat it will transport more troops and is more easily managed ; in 
the bridge Its superiority is marked. With the French equipage the 
corresponding balks of the adjacent bays lap each other about 6 feet, 
and are firmly lashed together and to both gunwales of the ponton, 
which greatly increases the strength and stiffness of the roadway ; 
while with the Austrian, the balks must meet on a sill directly over 
the axis of the boat. The bays thus hinging on this sill full play Is 
allowed to the horizontal .and vertical oscillation to which noaaiig 
bridges are subject. 

As to land transportation, the French train requires fewer car* 
rlages to transport the same length of bridge than the Austrian, since 
for each section of the latter ponton a separate vehicle is necessary. 
The length of the two carriages does not differ materially, this being 
determined by the length of the balks. 

These considerations led to the adoption of the French ponton. 

The next question was. What material should be employed in Its 
construction T Lifeboats having been successfully made In this coun- 
try out of corrugated iron, it was presumed that this material could 
be used with equal advantage in the present case. The first boat, 
made of the same thickness of metal as the largest class lifeboat, 
proved to be deficient in stiffness when placed in the bridge. The 
corrugations, running from bow to stem, diminished the power of the 
sides to resist the vertical strain caused by the weight of the roadway 
on the gunwales. To remedy this defect, it was proposed to line the 
boat amidships with iron corrugated vertically or to introduce strong 
iron ribs. 

These expedients, though they would have increased the weight 
beyond that of the wooden ponton, ndght have been successful, but 
they were not attempted, as the boat failed in other respects. In 
fact, it would not bear land transportation ; as in traveling over a 
rough road the Joints open, either the rivets or sheet iron giving way. 
When in the bridge, if the boat grounds on an uneven or rocky bot- 
tom, a hole is frequently punched through it, and such injuries can 
fiot be repaired in the field. The wooden ponton is not only much less 
iable to such accidents, but can be readily repaired when they do 
occur. 

Previous to the Battle of Gettysburg, a ponton bridge ov^ the 
Potomac at Harpers Ferry was destroyed, the pontons being scuttled 
and set adrift above the rapids. About three weeks after, the water 
having fallen, the boats were recovered, repaired with pieces of hard- 
bread boxes obtained from the commissary, and used in constructing 
a bridge at Berlin, over which the entire army passed into Virginia. 
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With regard to the canvas boat, it soon became apparent that It 
was precisely what we required for our advance-guard train. It is 
light, simple, strong, easily repaired, and when packed can safely 
be transported with the superstructure of the bridge as rapidly as 
any column of troops can move. A strong argument in favor of its 
adoption was that ft had been used successfully by the Russians for 
more than a hundred years, under every variety of circumstances 
likely to occur in this country. 

The selection of the carriage for transporting the bridge material 
was next taken up. The French ponton wagon is not adapted to our 
rough roads. The wheels are too small and can not be increased in 
diameter without raising the load too high above the ground. 

A carriage was finally devised on the principle of the four-horse 
truck nsed in the city of New York. By means of the horizontal fifth 
wheel over the front axle, and of an inclined wagon bed, forward 
wheels of the requisite size were enabled to reverse completely under 
tile load, thus allowing the carriage to turn in a short space. This 
construction is absolutely necessary when so long-geared wagons 
travel over a crooked road. 

For the chess wagons and canvas train, a similar wagon would, 
without doubt, have answered the purpose perfectly, so far as trans- 
portation was concerned ; but the ordinary baggage wagon of the 
Quartermaster Department, with some modificanons. was used on 
account of the facility with which it could be obtained and the readi- 
ness with which spare parts could be procured for repairs in the 
field. 

The Birago trestle, which had been recently adopted by most of 
the European nations, was also thoroughly tested ; and, the result 
proving favorable, it was proposed to employ it in connection with 
the pontons of both trains. 

From the information gained by these exx>eriments there resulted 
the system of bridge equipage adopted at the commencement of the 
late war. During the winter of 18ol-62, five trains were constructed, 
each composed of 34 pontons and 8 trestles — the pontons being nearly 
of the same form and dimensions as the French bateau. The fram^ 
was somewhat different, the ribs being entire and strongly ironed, 
and the ironing stronger throughout. The stern was provided with a 
locker. There were also other alterations in the details of construc- 
tion. The balks were stronger, and the Birago trestle was modified 
by substituting built beams instead of solid timber for the trestle 
caps and balks. 

At the same time several canvas trains were organized. In con- 
structing the ponton frame, the. dimensions and form of the Russian 
boat were exactly retained. The scantling for the frame was con- 
sideraMy lighter, but being strongly braced and ironed, the strength 
was about the same. One train was composed of canvas boafd and 
trestles, being, in truth, a trestle train with auxiliary pontons to 
be used only where the depth of water or muddy bottom prevent the 
use of trestles. 

In the month of February, 1862, a ponton bridge, composed of 
about 60 boats of the reserve train, was thrown across the Potomac at 
Harpers Ferry. The river was then a perfect torrent, the water being 
15 leet above the summer level and filled with driftwood and floating 
Ice. The greatest difficulty was experienced in pulling the pontons 
into position, and it was necessary to make use of ship anchors and 
chain cables to hold them in place. Notwithstanding these unfavor- 
able circumstances, the bridge was completed in about eight hours, 
and the corps commanded by Gen. Banks, with all its trains and artil- 
lery, passed over it without accident or delay. 

Several of these trains accompanied the Army in the Peninsular 
campaign* The pontons were used In discharging quartermaster 
and commissary stores at Ship Point, in disembarking Gen. F-rank- 
lin's command at West Point, and in constructing bridges over Hamp- 
ton Creek, the streams in front of Yorktown. and the upper Chioka- 
hominy. Finally a bridge was built over tne lower Chlckahominy, 
about 2,000 feet along, over which nearly the whole Army of the 
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Potomac with Its Immense trains, artillery, and cavalry passed with 
promptness and safety. 

After the army had passed, the bridge was dismantled and the 
balks, chess, etc., packed into the pontons which were formed into 
rafts and towed by steamers to Washington. The bridge trains were 
next transported to Harpers Ferry where a bridge was constructed 
a second lime, but under entirely different circumstances from that 
built during the previous winter. The water was now not deep 
«nough, and as it continued to subside shortly after the bridge was 
laid, many of the pontons grounded on a very uneven and rocky 
bottom. Some of them were completely out of water, yet the heavy 
trains continued to move over the bridge without seriously injuring 
them, and when the water rose most of them floated as well as ever. 

Discovering in this way that the boats were much stronger than 
we had supposed, we were enabled to improve the method of bridging 
tidal streams. 

It had formerly been considered necessary to build out to low- 
water mark with trestles so that the ponton should always be afloat. 
The bridge is now commenced at high-water mark, building with pon» 
tons alone. As the water subsides, the pontons nearest shore ground 
successively, forming a gentle ramp from the abutment to the floating 
portion of the bridge instead of making the descent in 20 feet, as for- 
merly. This method, of course, applies only to wooden pontons and 
to cases where the bottom is favorable. 

During the Fredericksburg campaign it became necessary to force 
the passage of the Rappahannock. The enemy having entrenched 
themselves on the bank, prevented for some time the construction of 
the bridge, until at length troops were embarked in the pontons and 
ferried across, where they stormed the rifle pits and h^d them until 
the bridge was completed. 

During the year 1803 the ponton trains accompanied the army 
in all its marches backward and forward through Virginia, frequently 
bridging the Potomac, Rapidan, and Rappahannock. In the latter 
stream the bridges remained in position all winter and, notwithstand- 
ing the frequent floods and the quantity of ice formed, but few in- 
terruptions occurred upon these thoroughfares. 

During the campaign of 1864 trains composed of 14 pontons and 
2 trestles accompanied each of the three army corps of the Arm/ 
of the Potomac. These trains attended their corps in the long marcn 
from Culpeper to the James River, and although the roads were fre- 
quently very bad, in no instance did they delay the march of the 
troops or arrive late when a bridge was to be laid. 

The headquarters train was followed by a canvas train, which, 
when a crossing was to be made by surprise, was sent forward with 
the cavalry, who covered the construction of the bridge and held the 
position till the main body arrived. 

On reaching the James River a bridge was laid oppoaite Charles 
City Courthouse about 2,000 feet in length. The water was so deep 
and rapid that the pontons could not be held by their own anchors, 
and it was found necessary to attach their cables to schooners an- 
chored above and below the bridge. 

Thus the wooden ponton train, through four years of war during 
which the bridges constructed were without parallel in number and 
magnitude, amply fulfilled all the requisites of a good bridge equipage. 
The frequent crossing of the Chlckahominy, Potomac, and James 
Rivers proved that, even under the most unfavorable circumstances, 
it could furnish a bridge capable of passing a large army with its 
heaviest trains over wide and rapid streams with safety and dis- 
patch. 

Its capabilities in ferrying troops were shown at Ship Point, West 
Point, and Fredericksburg ; and of the mobility of the equipage there 
was abundant proof in the long marches during the last two years 
of the war 

The canvas equipage also was perfectly successful as an advance- 
guard train. In the cavalry raids it was always able to keep pace 
with the columns; and, although they frequently marched hundreds 
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of miles, it was invariably ready to furnish a prompt and secure 
means of crossing all the streams on their route. It also often fur- 
nished bridges for the heavy trains of the army over streams ot 
moderate width and rapidity. 

The only part of the bridge equipage which did not realize all our 
expectations was the Birago trestle. 

As already stated, a train was organized early in the war on the 
Austrian principle, in which the trestle is the main dependence, the 
pontoon being merely auxiliary. It was supposed that many streams 
would be encountered which could be bridged best with trestles alone, 
but none such were met with. In fact when a stream is more than 2 
f e^t deep, a ponton bridge may be laid ; whep less than that depth, 
if the bottom is hard, it may be forded and no bridge is required ; 
should the bottom be soft, the trestle legs will usually settle so as to 
render the bridge unsafe. As it was not deemed advisable to trans- 
port with the army a train which could only be used in exceptional 
cases, this description of equipage was abandoned. The trestle was, 
however, very useful as an auxiliary, especially with the canvas train ; 
for as these boats when in the bridge should never be allowed to 
touch the bottom, it is frequently necessary to build out several bays 
from the shore before sufficient depth of water can be obtained to 
float the ponton — and for this purpose nothing could be better than 
the JBirago trestle, which is also equally useful for a similar purpose 
with the reserve train when the river bottom is rough near the shore. 

The canvas train was extensively used by the western army, and 
with such success that it was proposed to employ it exclusively. Ex- 
perience, however, in the East has clearly proved that this train can 
not fulfill all that is required of the bridge equipage of a large army. 
The bridges of the Potomac and James Rivers could not have been 
built with canvas boats, which will not resist ice and driftwood ; 
neither are they suited to the disembarkation of troops or the pas- 
sage of a river by force. 

Experience would therefore lead us to concur with Gen. Barnard 
In his remarks on this subject, viz : 

'* The numerous proposers of * flying ' bridges forget that if a 
military bridge is Intended to be carried with an army it is also in- 
tended to carry an army, its columns of men, its cavalry, its count- 
less heavy wagons, and its ponderous artillery. It must carry all 
these, and it must do it with certainty and safety, even though a 
demoralized corps should rush upon it in throngs. 

** No makeshift expedient, no ^ ingenious ' invention not tested by 
severe experiment, no light affair of which the chief merit alleged is 
that it is light, will- be likely to do what is required and what the 
French ponton has so often done." 

Bxpenence with the ponton equipage since 1869 has indicated no 
necessity for any radical modification of the adopted system. The 
Birago trestle has been replaced by one of stronger design, and 
minor modifications in the carriages and parts of the equipage have 
been made where such modification has been shown by experience to 
be desirable. The provision of a standard equipment for engineer 
troops has permitted a material reduction in the list of tools and 
supplies for the ponton tool wagon, the addition thereto of the essen- 
tial parts of the load of the traveling forge, and the omission of the 
lattey. 

Experiments have been conducted with a view to the substitution 
of steel for wood in the construction of boats for the heavy equipage, 
but the conclusions drawn therefrom do not warrant such a change 
as long as suitable materials for the construction of wooden boats 
are readily available. Experiments have also been made with a view 
to the introduction of a sectional boat which would permit of the 
construction of both heavy and light bridges and thus avoid the 
necessity of two types of equipage, but thus far these experiments 
have given no justification for the adoption of such a system. The 
increasing difficulty of obtaining suitable wood, and the improve- 
ments in metal construction, have led many nations to use metal 
pontons. Except for water-tightness, metal boats have no advantages 
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oyer wooden ones, while their disadvantages are numerous. The 
extremely light metal boats used with European cavalry are considered 
to have no advantages over onr canvas pontons. If Indeed they are 
equally good, and there is no question but that the existing advance- 
guard equipage will be able to follow the Inovements of the cavalry 
division. Our equipage is the result of the ripe experience gained 
in the extensive operations of our Civil War and was adopted by a 
board of veteran experts while the facts of the war were still fresh 
in their memories. Since then there have been no military operations 
in which pontons have received any test approximating the ones 
given in our Civil War nor have any basic improvements been made. 



CHAFTEB 1. 



FBRRIBS AND EXPEDIENTS FOR THE PASSAGE OF RIVERS. 

1. General eonditiou. — When an army In the field finds Its march 
interrupted by a river, it may effect the iMissage of this obstacle 
either by fording, by passing on ice, or by boats, rafts, ferries, or 
military bridges. As a principle the crossing of important streams 
should be effected by bridges; If these are constructed with bridge 
equipage, they should be replaced as soon as possible by other bridges, 
to permit the equipage to accompany the advance of the army. 

2. .ReconnolMuice. — ^The selection of the place and means of crossing 
a river is determined by a reconnoissance, which should be as 
detailed and extensive as circumstances will permit, and in which the 
officer in charge of preparing the passage should take part. Tactical 
considerations will ordinarily determine the limits within which the 
crossing must be made, but within these limits technical considera- 
tions govern the selection. 

PASSAGE BT FORDS. 

8. A river with a moderate current may be forded by infantry 
when its depth does not exceed 3.5 feet and by cavalry when its 
depth is not greater than about 4.5 feet. Artillery and wagons 
can cross a ford about 3 feet, deep, but if the contents of the wagons 
are to be kept dry the maximum allowable depth is about 2.5 feet. 

4. Fords are unreliable stream crossings, and should be replaced 
by bridges at the earliest opportunity. A rise in a river may render 
it unfordable 6r a ford may oe worn out by an army before the com- 
pletion of its passage. Fords are ordinarily used only by small 
bodies of troops without bridge equipage, although there are In- 
stances where whole armies have crossed by them. 

6. The requisites for a good ford are that the banks be low, but 
not marshy ; that the water attain its greatest depth gradually ; that 
the current be moderate and the stream not subject to sudden 
freshets ; and that the bottom be even, hard, and tenacious. 

0. Mountain streams are generally more frequently fordable than 
alluvial ones, but are also more liable to freshets, and the bottoms 
are frequently covered with large stones, rendering the passage of 
wheeled transportation nearlv or quite impracticable. In level 
countries the case is often still worse, the bottom, either of mud or 
Quicksand, being impassable both for men and carriages. Sometimes 
tho bottom is composed of fine sand which is hard enough, but which 
by the action of the hoofs of animals is stirred up and washed away, 
Increasing the depth until the stream becomes unfordable. The best 
bottom is coarse gravel. 

7. Location of fords. — Fords are usually found In the wider and 
more rapid parts of the river. A stream not fordable at right angles 
to the current may be fordable in an oblique direction between bends. 
Tracks leading into the water and reappearing on the opopsite bank 
indicate a ford. A line of water difPerlng in color from the water 
above and below it and extending unbroken and usually obliquely 
across the stream frequently indicates a ford. If the line of color 
be broken, the gaps are generally deep channels which are not 
fordable. 

8. The position of fords may be determined by sending a number 
of mounted men across wherever there Is a probability of the river 
being shallow enough. The most certain method is to float down the 

11 
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stream ih a boat, keeping it in the swiftest part of the current, 
where the stream is usually the deepest. Over the stem a soun^ng 
line or pole is held at the proper depth: when this touches bottom 
the river is sounded across, either directly, obliquely, or both. 
When the ford is discovered both ends should be marked and the 
prominent landmarks noted ro that it can be easily recognized and 
a gauge should be established in order that any variation in depth 
may be ascertained. 

9. Fords delay columns, unless the troops can cross at several 
places at once. Additional fords should, therefore, be sought despite 
the denial of their existence by the inhabitants, especially in hoa- 
tile country. 

10. Preparation of fords. — Dangerous fords should be deafly marked 
by strong pickets driven into the river bed above and below the 
ford, their heads being connected by a strong rope which is securely 
anchored to the shores. Lanterns or torches are placed as range and 
beacon lights to mark the ford at night. 

11. After a freshet the ford should be reexamined lest some altera- 
tion may have taken place in the bed of the river. 

12. A river which is not fordable may sometimes be rendered so 
when the only obstacle is too great a depth of water over an extent 
of 8 or 10 yards by filling in this portion of its bed. with fascines 
loaded with stones or with stone and gravel. When the water is 
sluggish or muddy a ford may be improved by covering the bottom 
with weighted bundles of coarse grass, rushes, or brush. The same 
method is used to improve approaches through soft sand or mud. 

13. The passage. — ^An officer with a suitable detail of troops Is 
placed in charge of the passage. It is his duty to see that the ford 
is kept marked, repairs promptly made, men washed away rescued, 
and tne passage made in such order and formation as will cause the 
least damage to the ford. He will communicate with the commander 
of each regiment or smaller independent unit before its passage, and 
his instructions for the passage must be strictly observed. 

14. Infantry pass in column of squads, rifles slung, the men in 
each rank holding to each other. The distances between squads are 
made sufficient to prevent damming the stream. The men incline 
their bodies toward the current, fix their eyes on the .opposite bank, 
and do not look at the water. Passages have been effected in swift 
water, waist deep, by stretching a rope across the stream to give a 
handhold for the upstream man in each squad. 

15. Artillery and wagons pass in column with distances sufficient 
to prevent damming the stream. 

16. Cavalry pass in column, usually of twos. The horses are 
taken directly across without allowing them to stop to drink. 

17. In all arms the formation for passage is taken up at least 100 
yards before reaching the ford and is maintained for at least 100 
yards after passage. The commander of each unit sees that his men 
take the required formation. 

18. If required boats are used during the passage, some being sta- 
tioned below the ford to assist men who may be carried down by the 
current. When boats are lacking, this duty may be performed by 
mounted men, and a life line may be stretched across supported on 
casks or other floats. 

19. Destruction of fords. — In a retreat it is frequently advisable to 
destroy a ford after having used it. This destruction may be effected 
by digging trenches across the ford parallel to the current; by ex- 
ploding charges of explosive on the bottom of the deepest part ; by 
filling the deepest part with harrows, teeth up, or with planks filled 
with spikes, crow's-feet, barbed wire, or other obstructions; by 
scarping the banks, etc. 

PASSAGE ON ICE. 

20. Crossing a river on ice should never be counted upon in a 
plan of campaign and should be made only with great circumspection. 
A slight change of temperature may not only suddenly destroy this 
natural bridge, but the floating ice may render the river impassable 
bv any method for a considerable time. 
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21. The bearinur power of ice varies greatly. Fresh sound ice In 
floating contact with the water has much greater strength than rot* 
ten or arched ice. Ice is generally thicker near the banks than in 
midstream. Before attempting a passage, the thickness of the ice 
across the entire stream should be tested by cutting frequent holee 
which will serye also to indicate the quality of the ice and to detect 
and arching. New sound ice in floating contact with water will bear 
the following loads : 3 inches, small groups of men ; 4.5 inches, 
cavalry in small groups; 7 inches, wagons and field guns; 9 to 12 
inches, the heaviest loads with an army. 

22. Xlzpedients. — Two tracks of planks laid on the ice for the car- 
riage wheels to run on may be employed when there Is any doubt as 
to its strength, or the wagons may be transformed into sleds by 
fastening planks under the wheels. A better foothold for the horses 
is provided by a slight coat of sand, earth, cinders, straw, or other 
suitable covering for the ice. 

28. The thickness of ice may be increased, when the temperature 
is low enough, by slightly flooding its surface, the water being re- 
tained by a light earthern dam. The thickened ice must form a 
belt at least three times the width of the roadway. Six or eight 
inches of straw, twigs, or manure, laid over a belt three times the 
width of the roadway and well flooded will, when frozen, often insure 
a safe passage. 

24. when the river is frozen on each side, but open in the middle 
in consequence of the velocity of the current, a boom stretched 
across the open space will often check the velocity sufficiently to 
cause the water to freeze. Trees or other obstructions may serve the 
same purpose. Cakes of ice floated against the obstruction hasten 
freezing. 

25. PsMHige. — ^The officer in charge of the passage is responsible that 
the means and method of passage are such as to give the greatest 
degree of safety. He will advise commanders of regiments and 
smaller independent units of the provisions to be made for passage. 
His instructions for the passage will be strictly complied with. Care 
must be taken not to let the men crowd upon the ice. 

PASSAGE BY BOATS. 

26. The passage of nonfordable rivers is ordinarily effected by 
military bridges or by ferries. There are times, however, when the 
enemv by lightly holding the opposite bank at the desired point of 
crossing, can eif ectually prevent passage by either of these means so 
long as he holds his position. In such cases it is necessary to force 
a passage by transporting a body of troops across the stream to drive 
away the enemy so that a bridge or ferry can be constructed, for 
it is practically impossible to construct a bridge or ferry under short- 
range flre, even wnen favored by fog or darkness. The first step in 
the construction of any bridge, where opposition is expected, is the 
caressing of a covering detachment. In order that the covering de- 
tachment may not be overwhelmed, the bridge must be constructed 
with the least delay. In addition to pontons it is desirable to use 
other boats for crossing the covering detachment as far as practicable, 
some pontons being reserved to commence the construction of the 
bridge. 

2T. The point of passage being decided upon, all available boats will 
be collectea. A small stream which is sufficient to float the boats, 
affords concealment for the work of preparation, and enters the main 
stream near the point of passage is most favorable for assembling and 
loading the boats preparatory to enterinjpr the main stream. The land- 
ing on the • opposite shore should l>e farther downstream than the 
point of embarkation, as the loaded boats will drift with the current. 

28. The knowledge that boats are being assembled at any spot 
will cause it to be carefully watched by the enemy. It may, therefore, 
be necessary to carry the boats by hand a sufficient distance to 
prevent the sound of wagons being heard. This was done at Fred- 
ericksburg, where 20 heavy pontons were transported nearly a 
mile in three hours and launcned without discovery. Thirty men 
were required for each boat. The boats were turned upside down 
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and carried on poles about 10 feet long, which were placed under 
the gunwales. These poles were supported by the hands, the arms 
extended at full length. Boats may be carried two or three hundred 
yards In this manner without resting. In smooth grassland or 
through mud a ponton may be easily moved by dragropes, using 
either men or animals. For long distances a temporary sled, made 
of two stout planks with suitable crosspieces, should be employed. 
A ponton may be dragged many miles in this manner. Canvas pon- 
tons may be carried on the shoulder long distances by 10 men, but 
the difficulty of rowing makes them less suitable for forcing a passage 
than the wooden boats. 

29. Capacity of boats. — ^When transporting troops, a ponton should 
not be loaded to less than 1 foot of freeboard. The normal capacity 
of a heavy ponton is 30 men in addition to the crew and that of 
a canvas ponton is 20 men in addition to the crew. These numbers 
may be increased in quiet water or narrow streams.^ The safe loads 
of other boats are determined by actual tests. The number of men 
and the crew carried should then be marked on the stern of the 
boat. The available buoyancy of a boat for use in a bridge may be 
similarly tested, allowing 160 pounds for unarmed men without 
equipments and 200 pounds for men fully armed and equipped. 

30. The boats are arranged along the shore according to size and 
numbered, the smallest boats being upstream. The boats are moored 
by the stern to the bank not less than 12 yards apart, and the pon- 
toniers take their prescribed positions. Two extra oars are sup- 
plied to replace any broken or lost. To shove off the boats a detiul 
Is provided, which remains behind when the start is made. The 
flotilla is now ready for the troops to embark. 

31. Passage. — The passage is effected under the charge of an officer, 
who Is assisted by the necessary details. The instructions of the 
officer in charge and of his assistants will be strictly complied with. 
The troops will be instructed to preserve silence during the pas- 
sage; to remain steady, no matter how much the boat may rock; 
not to crowd the oarsmen; and under no circumstances to open fire 
while in the boats. 

32. The troops are divided into detachments, assigned to boats, 
and given the necessary Instructions, either at the halting place or, if 
time presses, on the march. Each detachment is provided with 
the number and location of its boat and, if possible, a guide. Due 
regard will be had for the preservation of tactical units in assign- 
ing detachments to boats. 

33. The mf^n enter by the stem and advance as near the bow 
oarsman as the sweep of his oar will permit, taking their places 
alternately against the right and left gunwale. When the gunwales 
are full any intermediate space is filled. The men next to the gun- 
wales sit on them, while the others squat down In the boat. If the 
boat grounds In loading, the detail on shore pushes it farther out» 
and the remainder of the detachment enters by wading. As soon 
as the boat Is full the crew is quietly brought to the position of 
OARS. When pontons are used their bottoms are floored with chess. 

If canvas pontons are used, they must not be allowed to ground. 
The detachment enters by wading and sits or kneels on the chess laid 
in the bottom of the ponton. 

34. As soon as the chief of the flotilla ascertains that all is in 
readiness he gives the sigpal to advance, usually embarking himself 
in the upstream boat. This boat is always the guide, and every 
exertion is made to keep it perpendicular to the thread of the 
current, unless it must be headed upstream in order to reach a 
good landing place. The proper intervals are carefully preserved 
by the other boats, and as soon as any boat touches the opposite 
shore the troops disembark, passing over the bow. If a boat grounds 
In the passage, its chief causes some or all of his oarsmen to bring 
th^r oars to the position of OARS, to transfer them to the nearest 
soldiers, and to Jump overboard and disengage the boat. When no 
further progress can be made the troops disembark and wade ashore. 

lAt Fredericksburg 50 men were ferried in each heavy ponton. 



POirCOir MAHTTAL. 



u 



As f9Den as the boftts are unloaded tbe chief of the flotilla caases 
it to go tMick for another detachment. Under no pretext whatso- 
ever will any one, except officers bearing dispatches, be carried on 
the return trip. 

35. Paaaagie of caYalrjr. — Cavalry are rarely crossed in boats if the 
passage is opposed. The preparation of the boats is the same as for 
infantry, except that fewer oarsmen are required and the flooring 
of chess may be omitted in the wooden pontons. The horse equip- 
ments are placed in the boat. The cavalrymen take post on each side, 
leading their horses by tlie bridles. The boat is pushed off and taken 
straight across, the horses swimming by the sides. The cavalrymen 
hold their horses' heads well up, supporting them with both the 
bridle and the hand. As soon as the horses strike bottom they are 
led ashore successively, beginning with the one next to the bow. 







Fio. 1. — Horses swimming. 

If possible, a landing place is selected where the bank slopes gently 
to the water. When there is little or no current, the horses can be 
Bwnm on both sides: if there is much current, the horses can be 
swum on the downstream side only. When pontons are employed 
six horses can be ewum on both sides, or three only on the down- 
stream side, according to the strengrth of current. 

PASSAGE BY RAFTS. 

86. The transportation of troops and material over water areas 
may be required at times for purposes other than that of forcing a 
passage. In such cases boats will rarely be used exclusively, as it 
will generally be found more advantageous to build rafts from the 
boats or other material and use these in whole or in part for trans- 
portation purposes. 
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Under conditions where opposition by the enemy ia not feared and 
a crossing by surprise is not contemplated, preparation for croesins 
a river can be conducted with greater deliberation; boats are coT 
lected and rafts constructed either from the boats or from casks, 
lumber, and other suitable material, and where the banks of the river 
are too steep to afford satisfactory landing places they can be pre- 
pared by digging. 

If boats are used either alone or in conjunction with rafts, the 
manner of effecting the crossing with them is, in general, the same as 
when a passage must be forced, with the exception that for mounted 
troops it is preferable to cross the men without their horses, and 
then swim the latter in the manner shown in figure 1, or when boats 
of sufficient size are available, the horses may be actually carried 
across. In this case the horses should be placed crosswise facing 
alternately .up and down stream, so that they will not be thrown 
down by the rolling of the boat. 

When rafts are to be used in conjunction with boats to effect the 
crossing of a river, they should be placed downstream of the latter. 

37. The passage of all arms may be facilitated by contructing a 
raft formed of two boats covered with a platform. Not only may 
artillery, cavalry, and trains be transported by this means but also 
Infantry in much greater numbers than by using the boats separately. 
A good boat raft can be maneuvered by oars with nearly the same 
faallty as a boat. 

38. To construct a raft from five to seven beams of the same thick- 
ness are laid across the two boats, the interval between the boats 
being such as to allow the beams to extend about 2 feet beyond the 
outer gunwales. The beams are lashed to the boats and covered 
with planks, which are kept in place by two side rails laid directly 
over the outer beams and lashed down to them. The extreme planks 
are nailed down. The size of beams is regulated by the load and 
the interval between the boats. 

39. The heavy pontons of the bridge equipage are well suited 
to the construction of rafts. The method of construction is shown 
in figure 2. A single bay of bridge is built, using seven balks as 
roadway bearers, spiking down the last two chess at each end, and 
securing the remainder of the floor by side rails. Each balk is lashed 
to both gunwales of each ponton. The light pontons can be 
similarly made into a raft, but such rafts are not easy to manage 
where the current is moderately swift. 

40. Bafts made of timber may be used for the ferriage of troops 
or for floating piers in a bridge when other materials are not at 
hand, but it is to be observed that there are very few varieties of 
timber in this coimtry which possess the requisite buoyancy when 

green. Such rafts are secure against being sunk by hostile fire but 
ave the defects of small and decreasing buoyancy, great weight, 
and bulk. 

41. A timber raft should be at least 85 feet in length, and should 
be made from the largest and longest timber available in order to 
give it sufficient stability. Squaring the timbers will be worse 
than useless, but irregularities, such as branches and knots, should 
be trinmied off. The raft must be built in the water, preferably at 
a place where there is little current and where the bank slopes 
gently to the stream. The timber is thrown into the water and 
moored to the shore at the place selected for building the raft. 
After the position which the stick naturally assumes in the water 
has been ascertained the end which is to be upstream when in the 
raft is drawn up on the shore and the lower side is beveled, so as 
to present less oDstruction to the action of the current. The timber 
is then arranged in the position it is to have in the raft, the butts 
alternately up and down stream and the upstream ends so arranged 
Wb to form a salient. 

42. Assume that a raft is to be constructed of 20 logs, 47 feet 
long and averaging 12 inches In diameter. (Fig. 3.) The firft 
log is brought alongside the shore and the ends of two transoms 
are spiked to it about 3 feet from each end. The log is then 
pushed off a little and a second log is brought up under the tran- 
soms and in close contact with the first. The transoms are spiked 
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to the BecoQd lac, and so an tor each at tlie renialnlng lass, car« 
bdng taken to alternate the butts, to place the beveled ends up- 
■tieam with the bevel imderDestb, and to bave the tnnaomn per- 
peiidlcaU.r to the logs. When the bank la too steep to admit of 
this method ot cOBBtructloo the Iokb mar he floated Into their 

Sropei positions, lashed together, and the transoms spiked on. I( 
ke Ion are ol nearly the nme size, the center ol gcavlt; will be 
near the center of the reft. 

When a platform is to be constructed on the raft two addttlaual 
tnuiBoms, about 8 Inches wide bv 8 Inches thick, ace fastened at 
equal distances from the center of grBvlty of the raft and at a dis- 
tance apart egiul to the width of the platform. 

^ Lm ^ jl j ^ -„Q =^^ 
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Fio. 2. — Baft from the eqnlpagch 
f square Umber jan jiot be had for bransoms. sapIlUKS T < 



stances apart depending c 

•fh. Biio of this platform mi 

A single coarse of loi 

ila troops covering Its ( 

lee or timber are employ^^, ^^ ^^ 

the whole flrmly united with pine 
Id have B beaiiiiK on all the logs 
the larger lags should be adzed di 

> the tfansom. Transoms may alSL _ . . 

' wooden pins, or each log may be lashed bj passing a rope around 
and tlH faaiuom and twfitlnc It tight with a l«ck stick. 



The slse of this platft _. --„ — - -. 

tatL A single course of logs will not bave sufficient uuuj 
■UBtalB troops covering Its enHie surface. Wben necessary 

* -i-—.- g employed, each perpendicular ' -■---'- 

— ly united with pins or lashing 

should have a bearing on all the logs forming thL _- 

this the larger logs should be adzed down and the smaller blocked 
— ~i the tmisom. Transoms mar also be fastened with driftboHs 



When tbe rait Is to be used In a bridge the two Intermediate 
transoms are separated by a distance s little less than the leUKth 
o( the roadway planks and placed at eflual distances from a point 
somewhat aetero ol the center -ol eravlty of the lalt, in order to 
counteract the downwarii pull o( the cable on the upstream end. On 
these transoms three supports d d d are aplbed to receive the ballis. 
A piece of plans la nailed on the upatreara end to pccTent the cable 
from getting entangled In the raft. 

43. Wben the logs are leas than 35 feet Id length the following 
metbod of constructlOD Is employed : The small ends of half the 
logs are beveled and a raft is formed similar to that described 
above, except that the butts aie ail downstream. The remaining 
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Fio. 3.— Raft with short and long timber. 
logs are then brought butt to butt with tboep In the raft and tRO- 
tened to them with Iron clamps or dogs or bf BpllclDg a piece of 
plank across the two. A transom Is spiked on the stern and the 
central transoms provided aa In the preceding example. A transom a 
Is then placed a little forward of the center of gravity of the aec- 
Uan a and a transom ft a little astern of the center of gravity 
of the section c. The strong timbers d d eitend over the four In- 
terior transoms. Theae Mmbers support the balks and distribute 
the load over the entire raft, without tending to aeparate the section*. 
44. Rafts are sometlmea constmcted for Sylns ferries in the form 
of a lozenge — the acute angles being about 66^ — so that when two 
of the aides are parallel to the direction of the current the up- 
stream side la In the most favorable position for the action of thn 
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iportlonally gceatei 



E eater obstructlan tt 
E cables la proportionally gee . . 
available Ho&tliiB pleie c 




Fii3. 4.— Complete Iramea. 



alloDB, but BO allowance of trom 20 to 25 per cent foi* Haleljr must 
« ma.ile, as tbe barrela must not be completely submerged. 
■" " ' ■ ■ ''" '- -■-■— T of two ware: By the 



consist essentially i 



— Laehed Icames. 



niunber ot battels Is usuaiiy irom uve no hciuu, iiiul-«ii -^ 

Two timbers called gunwales, o( suitable length and 4 or G Inches 
Hqnare or In diameter, are laid across tbe barrels near their beads. 
Two tope ellDgs with an evc-spllce at one end are then passed arouod 
the barrels to the ends ot the gunwales, drawn tight and lashed as 
shown In tbe flKure. Lasbings ot 1 Inch clrcumferetice rope, about 
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18 feet long, wltli 



t long, wltli an e/e-vUce at one end uid a flsiiTe^f-cl^t knot 
18 incheH from tbe est, are need for lasblnK Qie sunmles and 
to the barrels In tbe fallowing manner : Tfie ere of a laaMns 
led under each allng at each Internal between barrels and the 



other end ot tSe lashing 




faotda tbe lasblug taut and places Its free end on tbe b 

left, fiacb lasbcr then takes the coll of tbe lasber opjMislte him 
" ' ' 1 his right and iiaases It sroond his own laahlng 



from the barrel o 



Fig. T. — Lashed barrel p 



F(o. 8,— Lashed barrel piers. 



and then places its tree end on tbe barrel to bis rlgbt, taUnx care 
that tbe tnrn of the lashing Is below the flKure-of-elght knot. Each 
lasher then takes his orlgTnal lashing from the barrel on his left 
and. passlna It under the gunwale, prepares to tlgbten up. The 
lashers tighten up their iHshlngs slmultaneonHlv, potting tbelr left 
feet agalnat tbe gunvale and rocking tbe pier while taking up slack. 



~I>ashed barrel raft. 



drawing the two parts close together and placing tbe free end of the 
rope between the barrels as shown In flgure 8. Mooring cables are 
attached to a transom securely fastened across the gunwales. la 
launching, care must be taken not to injure or displace the ropea bj 
chaSng on tbe ground. After lannching, rafts mar be tormed from 
barrel piers in a manner similar to that described (or boats. 
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48. The same rules apply to the passage of troops on rafts as in 
boats, attention being paid to the following circumstances: Tbat 
rafts drift more than boats, consequently the landing on the opposite 
shore will be farther downstream ; and that, as the embarkation is 
easier, there is more danger of overloadine the raft and of confusion 
in embarking. Infantry enter by the flank and first occupy the 
middle line of the raft ; a rank is then added alternately on the up 
and down stream sides until the raft is loaded. Artillery and heayy 
carriages are placed in the center and cavalry horses as when CQjriea 
in boats. 

Rafts possess these advantages over single boats, viz, the embarka- 
tion and landing of all arms is easier; they carry large numbers at 
each trip; they draw little water. 

They can not, however, be navigated with the same facility as 
boats or directed with certainty on a fixed point when the stream is 
rapid, and in tibis case it is often impossible to bring them back 
against the current to the starting point. 

Finally, the length of time required for their construction forbids 
their use when a passage is to be forced. 

When the material for rafts is limited, the passage of a river can, 
in general, be executed more rapidly by means of ferries. 

PASSAGES BT FERRIES. 

49. The types of ferries commonly used are the rope ferry, the 
crail ferry, and the flying ferry, the latter two being also known as 
trail bridges and flying bridges. 

50. Rope ferry (fig. 10). — ^The rope ferry, which Is used in streams 
with sluggish currents, consists or a floating support, either a raft 
or a suitable boat. It is drawn bv hand along a rope or chain 
stretched from bank to bank. To facilitate a grip on the rope a 
handle (fig. 11) may advantageously be employed. A rope ferry 
may be constructed by laying a cable or chain across the stream, an- 
choring its ends, and taking three or four turns around a windlass 
mounted on the side of the barge or raft used. An old wagon wheel 
may be utilized as a windlass. The safety of a' ferry, specially when 
transporting animals, is materially increased by the construction of 
guardrails and end gates. Figure 12 shows two methods of con- 
structing a flatboat suitable for a ferry. 

51. Trail and flying ferries. — Where the current is as great as 3 feet 
per second it can be utilized to propel the raft. To accomplish this 
the sides of the raft are held at an angle of 55° to the current. Such 
ferries are known as trail ferries when fastened to a traveler on a 
cable stretched across the river, and as flying ferries when listened 
to a fixed anchorage upstream. Although these ferries do not afford 
a continuous communication, yet they possess the following ad- 
vantages : 

They are readily established, even in the most rapid currents. 

They require but little material for their construction. 

They may be operated by very few men. 

They permit the passage of troops of all arms, and of animals and 
vehicles. 

The entrance to and exit from them is easy. 

They do not interrupt navigation. 

They are not liable to be injured by floating bodies which, either 
by accident or design, are carried downstream by the current. 

52. Trail and flying ferries should be located in straight reaches 
of the river, and landing stages should be built on both banks. 
With these ferries it is sometimes difficult to reach the landing. In 
such cases a line buoyed in their track and attached to the landing 
may be used to pull them in, and poling may be resorted to in order 
to push them out into the current. 

53. Flying ferry. — Flying ferries may be used in streams of any 
width. The upstream end of the ferry cable is made fast to an 
anchorage consisting of an anchored boat, a pile cluster, a tree on 
an island, or other fastening strong enougn to stand the full puU on 
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the cable. If the strongeat current is nearer one ahore, the ftnchot 
maat be cast Dearer the-other abore; otberwlse It ahoiild be cast In 
miastream. The length of the cable muat be at least one and a hall 
timea the width ot the river. The cable la aupported at InterralB bj 



(flg. 1 



,. poaalble „ , 

; the others ahoutd be no arranged aa to maintain the cable a 



._. ... If found adTlsable, the cable may be aupported above the 

water bv an Improvised stagdng on tbe floata. When ao aapirarted, 
the cable la connected with the bow of the float by a Hoe of such 
length that the float Is allowed to turn Juat enough to lieep parallel 
with the raft. If no floata for the cable are used. It muat be paaaed 
over B gallows frame on the raft to keep It from dragging In the 



Flo. 14. — Trail ferry. 

S4. A flying ferry la maneHvered in the following mannet : The 
cable is mnile taet-to tbe raft about the middle ot tbe bow. Tbe 
proper angle to the current, about QS', may be obtained by tbe nne 
ot Bweepa, or. better, by maneuvering ropes made fast to the main 
cable. The angle la gradually decreaaed on nearlng the Bbore, until 
the way of the terry Is diminished aufflclcntly to prevent tt from 
strikiiig the landing with a abook. 

After the ferry ih attached to the cable. It Ib run (rom shore to 
Ehnre oure or twice until the anehora are Qrmly embedded, and the 
■ 1b stretched ; tbe two Ifindlnga are then constructed. Tbe 
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55. TnU ferry. — When the rlTer is not more than 150 yards wide 
a sheer line may be used in place of the anchor and cable. The sheer 
line must be taut enough to Keep it above the water, and if necessary 
it must be elevated at each shore bv passing it over a frame as shown 
In figure 14. A capstan, or block and * fall, should be provided to 
tighten the line from time to time as it stretches. Upon this line a 
pulley or traveler (fig. 15) is fixed so that it can run freely from 
shore to shore. A cable from the traveler is attached to the how of 
the ferry. Maneuvering ropes are attached either to this cable or to 
the traveler. The ferry is maneuvered in the same manner as the 
flying ferry. 

56. Raft for trail and flying ferries from pontons. — ^The raft for a 
trail ferry is the two-boat raft heretofore described. The usual form 
for the fiying ferry is built of 6 pontons as shown in figure 16. Two 
pontons are lashed stern to stem, and to these a third, breaking 
joints. A second set similar to the above is placed at a distance of 
20 feet, center to center, of the outside pontons. The two sets are 
connected by 6 balks e, over which 4 courses d are lashed ; then 16 
balks e are placed in a manner suitable for receiving the chess. The 
extreme chess are nailed down, and the outer courses secured by 
side rails 

57. Other forms of raft for trail and flying ferries. — Rafts of barrels, 
timber, or other material may be used in lieu of the ponton rafts 
Just described. The most suitable raft for the purpose is one com- 
posed of two long, narrow, and deep boats, with nearly vertical sides. 
The best interval between the boats is such that the current will act 
on the sides of both boats through their entire length when they 
form the proper angle with the current. Barges or scows (fig. 17) 
are frequently used in place of rafts for ferries that have long or 
continuous service. Ramps which can be raised' or lowered are con- 
venient at each end of the raft; they may be made to balance one 
another by means of a pair of ropes, each running on a pair of pulleys 
supported by two props, one at each end of the platform of the raft. 
A ramp is lowered by men walking on it, thus at the same time rais- 
ing the other. 

58. Chattanooga flying ferry. — ^The flying ferry shown in figure 18 
was used at Chattanooga during the Civil War for crossing men 
and vehicles over the Tennessee River. It could carry four six-mule 
teams and wagons, besides infantry and cavalir. The cable was at- 
tached to an island above and was supported on three fioats. It 
was secured to the boat by a rope whlcn was fastened by both ends 
to the end of the cable, and passed through snatch blocks at the bow 
and stern of the boat on the upstream side, and around a windlass 
at the middle. By turning the windlass any desired angle with the 
current, and therefore any desired velocity was readily obtained, 
liceboards near bow and stern were used to catch the current and 
increase the velocity when required. One man could manage the 
ferry with ease. 

59. Anchorages. — Where a single anchor is not sufficient, two or 
more anchors, with separate leads, may be attached to the same 
cable (fig. 19). Panniers of stone (fig. 20), picks lashed together, 
Chinese anchors (fig. 21), and similar expedients may be used In lieu 
of anchors. A rail Dent into the form oi a grapnel makes a powerfiQ 
anchor. It may sometimes be advisable to use piles for an anchorage. 
In this case either single piles or clusters of piles are driven and 
the cable is attached as near the bottom as practicable. Anchorages 
out of the water are preferred, as they are more readily inspected 
and made secure. An island or a bridge pier makes an excellent 
anchorage. A very sharp bend may permit of an anchorage on one 
bank for a ferry Just below the bend. In some cases the cable for 
a flying ferry may be anchored to the opposite bank. When this is 
done a second cable, anchored on the near bank, and four landing 
places, two on each bank, must, in general, be provided. When thi 
raft reaches a landing place it is puUed up to tne one above, whence 
it starts again, the second cable being used for the return trip. 

60. Expedients for ferriage. — Canvas well stuffed with hay or other 
light material furalsbes a support of considerable buoyancy. To iiae 
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Fio. IB, — Two anchotB, 

; the BtntOng and its 



Fia. 20 — PaDDlers of stone. 

f the frame with bay. An Ingenious barrel float suitable for 
ftn In tbe absence of bUITb 1h shown In llKure 22. Ao Impro- 
MMt can be made b; covering a wagon body with pauUns. 



Fio. 21. — Chinese anchor. 

PASSAGE BT BDLITART BBIDGBS. 

61. In the passage of nontordable Btreama military brIdgeB a 
always to be preferred when drcumstances will pennlt their establli 
ment. Such a bildse conslatB of a roadway and Its sapparta. T 
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be Qied. as trestlea, gsblona. carriages, piles, or floatlQS, as pon- 

PoQton bridges are prefec&ble to all otbem vheo a passage by 
narprlae or by main force IB to be nndertakea, and may be constmcted 
on any alream of BulHclent depth. 

PoDtons may be repiaeed by rafts when the velocity oC tbe atream 
does not exceed 6 feet per second. In swifter currents rafts are 
lUnoaDaeeable, drag their SJichors. and are liable to destruction from 
floating bodies. 

Trestle brldses may be constructed In rivers whose depth does not 
exceed 9 feet and wbose velocity Is not more tban 6 feet per second. 
They may be employed with advsntsge In rivers of moderate depth ' 
and gentle rnrrent, with hard, even bottoms. When the bed of the 
river 1b uneven the adjastment of the trestles to the bottom Is 
very tedious, and tf the current Is rapid almost Impossible. When 
the bed Is of mnd of flne sand the settlement ot the legs Is liable 
to be irregular. 

Qablon bridges may be nsed over marsbes and shallow streams. 
They consist of gabions placed In rows perpendicular to the ails 
of the bridge, Qlled with stone or gravel, aod capped with a piece of 



— iDBeaions barrel uoat. 

>llltv to all other mill- 

uirj uriuguB, uac oecanse oi me large amount of time aud labor re. 
quired fot their coDstructlon their use Is usually restricted to aecnt- 
Ing the communications In rear ot the army. 

ee. MlUtery bridges being merely temporary expedients, the same 
solidity Is not required In them as Id permanent bridges. It Is 
HUlBclent to give them the necessary streugtta to support the heaviest 
loads which accompany an anny and to resist tne action o( the 
current. 

The first requisite la attained by glflne sufficient volume to the 
supports, it floating, and sulBclent vertlcaT strength. If flied, and by 
tiUDg balks and chess of the proper Mze to correspond to the distances 



9 with the greatest dimension exactly parallel to the current 



lief tU 



between tbe roadway and ITa 






. . _ _ . . ; heaviest loads pasa- 

. _ It and to the action of the waves when the water Is 
,_ ; otherwise, however firm tbe fastenings may be, they will soon 

The interval between tbe supports is regulated not only by the 
strength of the ballu, but also by tlie cross section and the buoyant 
power of the anpports. 
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63. The duties of an officer charged with the' construction of a 
bridge are to discover and collect all materials available for the 
purpose, to examine carefully the position chosen for the bridge, and 
to ascertain the width and velocity of the stream and the nature of 
itA bottom and banks. He can then determine the composition of the 
bridge, taking care to reserve sufficient material to repair damages 
and to lengthen the structure in case of a rise in the stream. He 
will then divide his force into detachments, assign to each his duty, 
and require each to labor at its own task, without attempting to 
Interrupt or assist that of any other detachment. 

During the progress of the work he will not allow any unnecessary 
person to approach the working parties or to step upon the bridge. 

8669»— 15 3- 
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BKIDGB EQUIPAGE. 

1. The United States bridge equipage is composed of heavy and 
light trains. The former are intended to accompany large bodies of 
troops in the field, and are provided with the material necessary for 
the construction of bridges of sufficient capacity to pass large armies 
with their trains over rivers of any size and rapidity. 

The light equipage is intended for use of rapidly moving columns, 
cavalry expeditions, etc., and is organized both as regards material 
and wagons with a view to rapidity of movement. At the same time 
it Is capable of furnishing a bridge which will meet all the require- 
ments of troops engaged on such service. 

HEAVY EQUIPAGE. 

2. Organization. — ^The trains of the heavy equipage are composed of 
six pontoon divisions and one supply division. 

3. Ponton divisions. — Each ponton division is complete in itself, con- 
taining all the material necessary for constructing a bridge of 11 
bays or 225 feet, and consists of 2 ponton sections, 2 abutment sec- 
tions, and a ponton tool wagon, ^tich ponton, section contains 
3 ponton wagons and 1 chess wagon, and eflch abutment section 
contains 1 ponton, 1 chess, and 1 trestle wagon. The ponton sec- 
tion contains the material for 3 bays, and should never be subdivided. 
The division may be increased or diminished at pleasure by changing 
the number of its ponton sections. 

4. Ponton wagons. — Each pontou wagon carries 1 ponton, 7 long 
balks, 1 anchor, 1 cable, 5 oars, 2 boat hooks, 20 lashings, 6 rack 
sticks, 1 pump, 1 ax, 1 hatchet, 1 bucket, 9 rowlocks (2 permanently 
stapled to ponton), 20 pounds of marline^ 5 pounds of axle grease, 
1 spare tongue, and 1 spare singletree. 

D. Trestle wagons. — The trestle wagon is identical with the ponton 
wagon and carries 7 long balks, 7 trestle balks, 1 trestle complete, 1 
cap lever, 8 pickets, 2 sills, 2 saddle transoms, 2 half coils of 3-inch 
circumference rope y20 feet each, 1 bucket, 1 ax, 1 spare tongue, and 
1 spare singletree. 

6. Chess wagons. — Each chess wagon carries 60 chess, 1 bucket, and 
1 ax. 

7. Ponton tool wagon. — The ponton tool wagon carries the following 
equipment and supplies : 

BLACKSMITH EQUIPMENT. 

Comp't 
letter. 

1 anvil, blacksmith, 100-pound L 

2 aprons, leather H 

2 bags, coal, canvas, 2-bushel I 

1 brace, ratchet, drill A 

1 chisel, cold M 

1 chisel, cold, handled M 

1 chisel, hot, handled M 

1 clinch cutter (buffer) M 

1 clinching iron M 

1 countersink, iron M 

32 
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Comp't 
letter. 

Drills, twist, set of 18 M 

3 flies, flat, bastard, 16-inch M 

1 file, flat smooth, 16-inch M 

1 file, half round, bastard, 16-inch M 

2 flies, mill, bastard, 16-inch M 

I flle, mill, second-cut, 16-inch .: M 

1 flle, round, bastard, 12-inch M 

1 flle, round, bastard. 8-lnch M 

t flatter, handled, 3-inch M 

1 forge, portable. Empire, in box as famished by 
Ordnance Department I 

2 fullers, handled, top and bottom, g-inch M 

1 hammer, ball peen, handled, 3-pound M 

1 hammer, cross-peen, handled, 3-pound M 

1 hammer, farrier's handled M 

1 hammer, riveting, handled M 

. 1 hammer, set, handled M 

1 hammer, sledge, handled, blacksmith's, 10-pound. I 

X hammer, straight peen, 2-pound M 

1 hammer, turning, nandled M 

1 handle, chisel, hot ,_ M 

1 handle, ^tter M 

8 handles, flle M 

1 handle, fuller, top M 

1 handle, hammer, farrier's M 

1 handle, hammer, machinist's M 

t handle, hammer, sledge, 10-pound I 

1 hardy ^ ,._-: M 

8 headers, rivet M 

8 heading tools, i-inch, |-inch, 1-inch M 

2 knives, shoeing M 

1 knife, toe M 

1 nipper, shoeing M 

1 oiler, l-pint, brass 1 A 

1 pincers, shoeing M 

1 pipe cutter, No. 2 M 

1 pritchel M 

1 punch, fore and creaser : M 

2 punches, round, handled, g-inch and |-inch M 

2 punches, square, h&ndled, g-lnch and 1-inch M 

1 rake, flre I 

8 rasps, shoeing, 16-inch M 

1 rule, 2-foot, i-fold A 

1 shovel, flre I 

1 stocks, taps and dies, pipe and bolt ; Armstrong's 

No. 2, set G 

1 swedges, top and bottom, set i-inch to 1-inch by 

quarters.. . . M 

1 tire measurer O 

1 tong, i&hoeing . M 

2 tongs, smith's, gad ; f-inch and 1-inch M 

2 tongs, smith's, straight M 

1 vice, blacksmith's ^ I 

1 wrench, monkey, 18-inch M 

BLACKSMITH SUPPLIES. 

5 borax, pounds B 

4 coal, blacksmith's, bushels I 

25 nails, horseshoe, pounds A 

40 nuts, assorted, pounds — Q 

1 oil, machine, quart F 

5 steel, tool, feet N 

80 steel, in bars, assorted, feet N 
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MISCELLANEOUS EQUIPMENT. 

Comp't 
letter. 

3 bags, nail, 10-pound I 

1 bag, nail, 35-pound-. I 

2 bags, canvas, small, for nails and small stores K 

2 buckets, galvanized-iron T F 

1 hammer, sledge, 8-pound I 

2 Irons, calking, set ; No. 1, 2, and 3 crease* M 

12 lanterns, IMetz ... C 

2 mallets, calking I 

2 mauls, wood I 

1 palm, sail , A 

1 rope, 3-inch circumference, half coll, 720 feet J 

MISCELLANEOUS SUPPLIES. • 

26 bolts, drift, i-inch D 

25 bolts, drift, finch D 

1 canvas, 0000, 36 inches wide, rolls of 10 yards 12 

50 gi'ease, axle, pounds ^ F 

20 cotton, calking, pounds . E 

25 marline, pounds I 

10 nails, galvanized wire, 8-penny, pounds I 

85 nails, galvanized wire, 10-penny, pounds I 

10 nails, galvanized, boat, 10-penny, pounds 1 

10 nails, galvanized, boat, 16-penny, pounds 1 

6 needles, sail , A 

10 oil, coal, gallons-- T 

2 screws, galvanized, 11-inch, No. 12, gross 6 

4 screws, galvanized, If-inch, No. 12, gross O 

10 screws, galvanized. IJ-inch, No. 18, gross G 

1 screw, galvanized. 3-inch, No. 18, gross G 

5 screws, galvanized, 5-inch, No. 22, gross G 

1 screws, galvanized, 3i-inch, No. 18, gross G 

6 twine, sail, balls A 

24 wicks, lantern, Dletz . A 

SADDLER'S EQUIPMENT— L. 

12 awl blades, harness, assorted. 1 needles, glover's. No. 3, paper. 

1 awl, pegging. 2 needles, harness. No. 4, papers. 

1 awl, seat, handled. 2 needles, harness. No. 5, papers. 

2 bags, canvas, for small stores. 2 needles, harness. No. 6. papers. 
2 blades, draw gauge, with fol- 1 needles, sacking, Nos. 4 and 4i, 

lowers (extra). assorted, paper. 

1 carriage, pricking, 3 wheels, 1 nippers, cutting, 10-inch. 

numbers 7. 8, and 10. 1 oilstone. 

1 chest, saddler's. 1 pliers, 6-inch. 

1 clamp, stitching. (Part of 1 punch, revolving, 4 tubes, Nos. 

stitching horse.) 4, 5, 6, and 7. 

1 .compass, 6-inch. 4 punches, round, hand, Nos. 5, 
1 creaser, double. 7, 8, and 10. 

1 gauge, draw, brass. 1 palm, sewing, leather. 

1 handle, peg awl, with wrench. 1 rivet set. 

6 handles, awl, flat, assorted, 6 1 rule, boxwood, 2'foot. 4-fold. 

sizes. 1 screw driver, 3-inch blade. 

1 hammer, riveting. No. 3. 1 shears, 10-lnch. 

1 horse, stitching. 1 slicker, steel. 

1 knife, round. 1 tool, claw. 

1 knife, shoe, broad point. 1 tool, edge. No. 1. 

1 knifev shoe, square point. 1 tool, edge. No. 2. 

1 knife, splitting. 2 thimbles. 
1 needlecase, leather. 
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SADDLER'S SUPPLIES. 

Comp't 
letter. 

1 beeswax, pound B 

1 brown wax, poond B 

3 buckles, roller, iron, g-inch A 

6 buckles, roller, iron, l-inch A 

20 buckles, roller, iron, J-inch A 

6 buckles, roller, iron, 1-inch A 

4 buckles, roller, iron, li-inch A 

6 buckles, roller, iron, li-inch A 

2 cord, sash, i-inch, pieces, 100 feet each H 

1 needle, collar, No, 4 A 

1 needle, collar. No. 4i A 

1 oil, sperm, quart B 

12 oil, harness, quarts B 

4 oil, neat's-foot, gallons B 

1 rawhide, side, soft K 

1 rivets and burrs, brass, i-inch. No. 10, pounds — G 

1 rivets and burrs, brass, 1-incn, No. 8, pounds — G 

30 soap, harness, pounds B 

12 soap, castile, pounds B 

70 sponges K 

1 tacks, copper, 12-ounce, paper G 

1 tacks, copper, 20-ounce, paper O 

1 tacks, iron, 12-ounce, paper G 

1 tacks, iron, 18-ounce, paper G 

1 tacks, iron, 8-ounce, paper G 

1 thread, shoe, brown, No. 3, pound H 

1 thread, shoe, brown. No. 10, pound H 

3 thread, shoe, half bleached. No. 10, pounds H 

1 thread, linen, carpet, No. 18, pound H 

SPARE PARTS. 

1 doubletree. 1 lead bar. 

1 stretcher. 

8. Supply diyiiion. — This division is provided with articles necessary 
to replace material lost or worn out such as balks, chess, spare parts 
of wagons, and 1 pile driver. The wagons of this division are nor- 
mally 5 ponton, 6 chess, 1 ponton tool, and 3 army wagons. 

9. Three of the jponton wagons carry 17 long and 7 trestle balks 
each. The remaining two carry the pile driver. Each chess t^agon 
carries 60 chess. The tool wagon carries the same load as that of 
a ponton division. The three army wagons carry the following 
supplies: 

6 half coils, 3 inches circum- Bars, soft steel, g bylj inches, 9 

ence, 720 feet each, manila feet long — 2. 

rope. Bars, soft steel, g by 2 inches, 9 

12 coUs, 1 inch circumference, feet long — 2. 

720 feet each, manila rope. Bars, soft steel, 1 by 2 inches, 9 

1 coil, 4 J Inches circumference, feet long — 2. 

720 feet each, manila rope. Bars, soft steel, J by 1 inch, 9 

80 rack collars. feet long — 4. 

6 kegs, 30-penny, spikes. Bars, soft steel, I by 2 inches, 9 

6 kegs, 60-penny, spikes. feet long — 2. 

200 driftbolts, i-inch. Bars, soft steel, | inch round, 9 

100 driftbolts, |-inch. feet long — 6. 

500 feet J-inch wire hoisting Bars, soft steel, % inch round, 9 

rope. feet long — 4. 

500 feet i-inch wire hoisting Bars, soft steel, 1 inch round, 9 

rope. feet long — 2. 

20 wire-rope clips, i-inch and i- 100 pounds axle grease. 

inch. 50 gallons kerosene in 5-gallon 

1 10-inch wire-rope snatch block. cans. 
1 14-inch wire-rope snatch block. 
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10. A full description of each of the principal items will be found 
in the specifications. For convenience a brief description of the 
varlons items is given here. 

11. Ponton. — The ponton is 31 feet in length, with a maximum 
breadth of 5 feet 8 inches and a depth of 2 feet 8 inches at the 
center. Its displacement at the gunwale is about 21,280 pounds. 
In the bridge the maximum safe net buoyancy of the pontoon may 
be taken at about 18,000 pounds. For ferrying troops the capacity is 
limited by space rather than buoyancy. 

12. Trestle. — ^The trestle consists of a cap with pins, two legs with 
shoes and kevs and two wedges. The legs are Inclmed, to give lateral 
stability. The cap is adjusted by means of two cap levers, one of 
which is carried on each trestle wagon. 

13. Balks. — The balks are 5 inches by 5 inches In cross section. 
There are two kinds of balks used with the heavy equipage. The long 
halk is 27 feet long, and is provided at each end with an oak cleat 
and a dowel hole. The clear distance between cleats is 25 feet 8 
inches, giving a normal bay of 20 feet center to center of pontons. 
The bays between the pontons and the trestles are 22 feet 6| inches 
from center of ponton to center of trestle cap. The trestle hiilk is 
21 feet 8 inches long and is provided at each end with a dowel hole 
and two oak cleats forming a claw with an 8-inch opening. The dis- 
tance from center to center of claws is 20 feet, giving a bay 20 feet 
long. The balks are also used for side rails. 

14. Chess. — The chess Is a plank, 13 feet by 12 inches by li inches. 
The width at each end is reduced to lOJ inches for a distance of 2 
feet, thus forming a notch on each side of the roadway for the pas- 
sage of the side rail lashings. The middle line across each chess Is 
marked on both sides with a fine saw cut. 

15. Saddle transom. — The saddle transom is 5 feet 4 Inches by 8 by 
4 inches, with a strong steel hook at each end to fit over the gun- 
wales of the ponton. There are two small cleats on the middle of 
the transom, forming a recess 6i inches wide to receive a sill. 

16. Sill. — The sill is 14 feet by 8 inches by 6 inches, scored to mark 
the position of the balks. For ease In handling it is provided with a 
ring in each end. The same sill is used either as an abutment or as 
a saddle. 

17. Miscellaneoas items. — The anchor is the kedge, weighing 150 
pounds. The boat hook is of the ordinary form, 10 feet in length. 
The bucket is the ordinary galvanized-iron bucket. The eaible is of 
3- inch circumference manila rope, 240 feet In length. The balk and 
side rail lashings are of 1-inch circumference manila rope, 18 feet in 
length, whipped at one end with an eye-splice at the other. The oar 
is of the ordinary form 14 feet in length. The picket is of okk or 
hickory, 3 feet long and 8 inches in diameter, protected at both ends 
with steel. The pump is of galvanized sheet steel. The rack collar 
is of strap steel, made in two parts united by a link on each side. 
The inside measurement of the collar is 1 foot 7 inches by 5 inches. 
Folding oak .wedges are used with rack collars. The rack stick is 
of hickory 2 feet long and li inches in diameter. 

18. Waffons. — The wagons are of three types — ponton wagons, chess 
wagons, and ponton tool wagons. The ponton wagon difters from 
the chess wagon only in being of heavier construction, in having 
longer side rails, and in the form of standards for securing the load. 
The ppnton tool wagon is of different construction. All important 
details are shown in the book of plates. 

19. Wagons and their loads. — ^The ponton wagon (figs. 23 and 24) is 
loaded by first placing 7 long balks between the side rails and enter- 
ing the dowels on the front bolster into the holes in the balks. Above 
this course of balks is placed the ponton, stern foremost — the stern 
rings about 15 inches in advance of the front axle. The ponton is 
secured by lashing its rings firmly to those of the wagon. The anchor 
is slung under the side rails; the cable is coiled as far forward as 
possible in the ponton ; the oars, boat hook, and pump are laid in 
the ponton, and the small articles stowed in the ponton locker. The 
ax and bucket are slung on the rear axle. The spare tongue is car- 



rled on the tight side ol tbe wagon aecored In bracketB attaclied t 

fhp InnMe fncp nf the side Call. 

IMD (flg. 26) is loaded by placing a 
th thelc lower notches resfing on toe 

U II , 

n and aecured. 
cut are alung on tbe leur alle- 
le wagon (flgB. 2S and 27) la loaded as follows: A 
g balks Ib flrst placed as described In paragraph 18. 
: consists of 7 fcestle balks on the right Side of the 



Fio. 24. — Loaded ponton wagon. 

wagon and the trestle cap on the left side of the wagon, top to the 
left, with the wedges thrust Into the cavity at the bottom. Adjoin- 
ing the Inner side of the cap a shoe Is placed oD edge at each end 

, . _-.,... .... Ji.. — _ .-^ trestle balk In which are 

The third coarse consists 
a placed at the right and left sides of tbe wagoDj adjoining 
luc a... on the right side are placed 2 trestle legs, 1 saddle transom, 
the cap lever, and one sitigletiee. 

■The sills are secured by lashings which pass thjongh the end rlngii 
and are lashed to tbe rings on tbe wagons; this some lashing is 
seenred around tbe points on the legs, around the book on the saddle 
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Ins In the sbofl. The , 

tola on top of the trestle balS and lashed to the forward rings of tlie 
waeon and also to the rear lashing chain. The ends ol the trestle 
balks are secnred b; taking three turns of laahlDS around the Snt 
and second course between the cleats of the aeeond conrae, and then 
making fast to the lashing ring attached to the chains at the rear end 
of the wagon. The spare tongue Is carried as described for the pon- 
ton wagon. The ai and bucket are slung on the rear sxle. 



Fio. 27. — Loaded trestle wagou. 

s divided Into 
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PiQ. 28. — Method ot loading poDton tool-wsgOD bodj>. 
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The comiMirtmeiit In which each article can be found Is shown by 
the letter after the article In the list of equipment and supplies under 
paragraph 7. 

23. Weights. — ^The weights of the loaded wagons vary considerably. 
The following are average weights of the equipage as now constructed : 



Articles. 



Ponton wagon fully loaded . . . . 

Chess wagon fallv loaded 

Trestle wagon fully loaded 

Ponton tool wagon fully loaded. 

Ponton and trestle wagons 

Chess wagons 

Ponton tool wagon.. 

Anchots 

AZBS. 



Balks, long 

B alks, trestle 

Boat nooks 

Buckets, galvanized Iron. 

Cable6(240feet) 

Cap levers 

Chess. 



Doubletrees, spare. 

Hatchets 

Lashings 

Lead bars, spare. . . 

Marline, oous 

Oars. 



Pickets 

Pontons 

Pumps 

Rack sticks 

Rope. 3 inches circumference, half coils, 720 feet each . 

Rowlocks 

Saddle transoms 

snis 



Singletrees, spare. . 
Stretchers, spare. . . 

Tongues, spare 

Trestles, complete. 



Number 

in a 
division. 



10 

4 

1 

8 

14 

70 

14 

16 

14 

8 

2 

240 

1 

8 

160 

1 

8 

40 

16 

8 

8 

48 

4 

72 
4 
4 

10 
1 

10 
2 



Average 

unit 
weight. 



Pounds^ 

5,500 

5,160 

5,360 

4,530 

2,580 

2,420 

2,490 

150 

5 

150 

120 

5 

4 

60 
55 
43 
30 
3 

.5 

47 

20 

16 

9 

1,600 

8 

1 

180 

1 

46 

130 

6 

25 

76 

530 



24. Animals and harness. — Each ponton or trestle wagon is normally 
drawn by six mules ; each chess or ponton tool wagon is drawn by 
four mules. Under adverse conditions of roads, an additional team 
may be necessary. The ordinary quartermaster harness Is used 
(flg. 29). 

LIGHT EQUIPAGE. 

25. Organization. — The trains of the light equipage are composed of 
3 ponton divisions, each of which consist of 8 ponton, 2 chess, and 
2 trestle wagons. All wagons are Identical with the chess wagon of 
th^ heavy equipage. Each division of light equipage Is accoinpanied 
by a ponton tool wagon Identical with that of the heavy equipage, 
The ponton wagon carries all the material necessary for construct- 
ing a complete bay. The division may, therefore, be Increased or 
diminished by one or more ponton wagons without disorganizing It. 
The normal division contains all the necessary material for construct- 
ing 185 feet of bridge. 
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M, Ptnton wm*b>- — Each ponton wftgon c&rrles 7 short balks, 18 
iliort cheaa. 2 side Irames, 1 cable, 1 anchor. 1 ax, 1 bucket, 1 spare 
tongao, 1 spare slnKletrw. and a ponton chest contalalng 1 ponton 
cover, 14 transoms, 5 paddles, 2 scoops, 20 lashlnga, 2 boat hooks, 1 
pump, and B rack stlckR. 

2T. <3mh wasons. — The chess wsgoii carries SO short chess, 1 ai, 
1 bucket, and a box containing 2 spare ponton covers. 

28. Trutle wacons. — The trestle wagon carries 7 short balks, 7 
trestle balks, 1 trestle (complete), 1 sill, 1 halt coll o( 3 Inch clc- 
cumteFence rone (length TM Teet), 1 halt coll of 1 Inch clroumterente 
rcpe (length 720 feet), 1 cap lever, S pickets. 1 an, and 1 bucket. 

29. Pantoi tool wagon. — The load of the ponton tool wagon Is the 
same as that of the heavy equipage, eicept that 2 sets of calking 
irons, 2 calking mallets, £0 pouade of calking cotton, and 1 stretcher 
are omitted, and 4 sail palms, 4 rolls of canvas, 1 dozen sail needles, 
sjid 6 balls of sail twine arc added. 

30. HaUriaL— A full description of each of tbe principal Items will 
be found In tbp specifications. For convenience a brlet description of 
the various itcmB Is given here. 

»1. Pontsn fnuM (flg. 30).— The ponton frame Is formed of 2 side 
frames and 14 transoms, 2 of which are provided with mooring 



— Ponton frame. 



ortlses, tenons, and side frames 

are mcancai, permiicmg me pans t(»be used Interchangeably. All 

edges of the frames and transoms are well rounded to prevent chafing 

the canvas. The frame, when assembled, is hVld together by a rope 

. paased through rings In the ends of the side frames and tightened 
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of the avll War by the Army of the 

lerently from the one which has ]ust beei. _ _. 

iiiLmeB were divided at the. middle, the two parts being conDpcted by 
Btout binges placed on the Inside. Tbe upper hinge was attached by 
screws ; toe lower was riveted. A greater number of transoms was 
used for tbe bottom of the boat and a couple of ropes were run 
through them, the slack of which was used to tie them into bundles 
when the boats were dismantled. There were also some differences 
tn the framing of the siaea and in the kind of transom used to con- 
nect all the parts together. The hinged canvas ponton frame has 
been modified by the experience gained from the use of the boats 
flrst built. The object In adopting this form was to dlepenee with 
the necwsity of special ponton wagons. All the parts of the bridge 
eicept the balks could be carried without difficulty Id the ordinary 
army wagon. Special wagons were required tor the balks, but Ihej 
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were very qulcklj' made by thrawlnK off the body of kn ttmj Wseon and 
lengthening the cou-"— "— ' • *■ — •• — — ' 



e It ia eeaeotlal 



Hniie treneportatlon by keeping ail teams fully employed at i 
r nbere a bridge equljHige Is auddenl; iirepared and therp 
■ to procure the regular ponton wagons the system Just i 



m Just de- 

1 Chattanooga to Atlanta, and 
was composea of blnged canTa§ 



32. PmtoB cDTcr.— The ponton cover la of 0000 kahkl c 
In three pleies, double Beamed, with a double border 2 li 
The clewline eyelets are of yellow - -^-' ••^— ^•- 
ftHeemblcd It Is gtver '-' — ' 

S3. BalkL— Tbe s 



balka are 22 feet by H Inches by ii Inches, 



similar In coa- 
.......,....,» ..., «-««^ «- ...-^ -^«JT eoQlofiei*. The trpi 

same as for the lisajjr eqiilpagt 



those of the heavy eqatpage. The trestle balk is tbs 

— . the beflvy eqiilpage. Balks are nsed aa side niili. 

34. Short dwu. — The short c' ---.-.. 



:. 31. — Loading the iMDton w 



24 Inches deep and .__ ^ 

The padaie 1b of the ordinary form, 6 feet long. 

Tbe ponton ehett is 8 feet by 2) Inches by 2 feet 4 Inches by 1 Coot 
6 Inches; the Ud 1b covered with canvas wblch overlapB 3 Inches all 
around. It has strong rope handles at eacb end. 

The 8coap 1b the ordinnry grocer's tin scoop. 

The trestUf, eille, pumpH, tashingg, rach ttickt, picketu, and bvekett 
are the same as for tae heavy equipage. 

36. Aninutli and hameu. — Each of the wagons Is normally drawn b} 
tour mules. lender adverse condttlons of roads en additional team 
may be necessary. The harness Is the same as with the heavy 
equipage. 

37. Lwding tha ponton i 
nagon seven short balka are 
where they are secnred by 

eight chess are placed on edge, with th — 

bolsters which arc attached to the center and rear bolster... 

Bide frames are laid over the balks, with tbelr bottoms against the 
chess. The wagon transoms are laid In the upper notchea of the 
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.....^B -B-^^^ ^—. ->v» •"-- Hlgbt more ch«8i are laid 

aver tbe Brat course. The loaded ponton cheat 1b placed 

OD [UP of the side trames asi] agatngt tbe chess. The binders ue 

hooked down ; the Bide framca are lashed ky their rlnoa and the 

' ' r Its haniJIeB to the rlnea of the wsEon. The cable U colled 

deii on the Bide framCB In front of tbe ctieBt. The anchor U 

i under the Bide rails and the ax and bucket on the rear axle. 

spare tongue IB carried on the left side, lashed to the standards. 

singletree is carried in the ponton chest. 






Fig. 32. — Loading the ponton wagon. 

38. Loadlnr the cheu wsEon (flg. 3S).— The wagon Is loaded with 
cbess hj first placing a course of 30 chess, as Id the heavy equipage, 
and on these a second course of 20 chess, 10 against the right and 
10 against the left wagon standards. The upper course of chess Is 
held In place by the binders and the spare cover box, which rests 
on the lower course of chess. The ai and backet are slung on the 
rear aile. 

39. LwuUns th« trMti* wagon (figs. 34 and 3G).— The first coone 
consists of seven short ttalkB, placed side b; side, beginning at the 
right Bide of the wagon, one trestle balk, and one trestle leg. The; . 
all restoQ the front and rear bolsters, and the balks are secured bj 

dowels attached to the front b-'— — ""- -" '-'- -* 

six treette balks placed on to|i 
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Fio. 34. — Loadlne the trestle wagon. 
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of the wagon ; on the extreme left side of the wagon another trestle 
leg is placed on top of the trestle leg in the first course, tiien a sUl Is 
placed on top of the leg in the second course ; this leaves a space 
between the sill on the extreme left of the wagon and the first trestle 
balk to the right of the wagon. The front end of this space is 
cJosed by the cap lever, which Is secured by a lashing run through the 
lashing ring at the front standards and the end ring of the sill, then 
around the Jaw end of the cap lever, and secured to the lashing ring 
of the front standard on the right side of the wagon. The rear end 
of this space is closed by placing the two shoes on their edges and 
securing them by a lashing run from the lashing ring on the left rear 
standard ; thence through ring on the end of the siU ; thence around 
the' points of the trestle legs, back through ring of the left rear 
standard ; thence over the top of sill and through the opening in the 
two shoes; thence through the leg opening of the tresue cap which 
is placed on the extreme right side of the wagon and on top of the 
trestle balks, and through the ring on the right rear standard, back 
through the leg opening of trestle cap ; thence through ring on the 
end of the sill and secured to the ring on the left rear standard. The 
pocket thus formed contains eight pickets, two trestle wedges, and 
one handle for cap lever. On top of the second course in the center 
of the wagon is placed one half coil of 3 inch circumference rope and 
one half coil of 1 inch circumference rope; both coils are securely 
lashed to prevent shifting. 

The ends of the balks are secured by taking three turns of lashing 
around the first and second course between the cleats and then mak- 
ing fast to the lashing rings attached to the standards at each end 
of the wagon. 

The bucket and ax are slung to the rear axle. 

40. Loading the ponton tool wagon. — The ponton tool wagon Is loaded 
in the same manner as for the heavy equipage. 

41. Weights. — ^The weights of the loaded wagons vary considerably. 
The following are the average weights of the equipage as now con- 
structed. 



Articles. 



Trestle wagon, fully loaded 

Ponton tool wagon, fully loaded . . 

Ponton wagon, fullv loaded 

Chess wagon, fully loaded 

Ponton, oiess, and trestle wagons . 

Ponton tool wagon 

Anchors 

Axes 

B alks , short 

Balks, trestle 

Boat hooks 

Buckets 

Cables (180 feet) 

Cap levers 

Chess 

Doubletrees, spare 

Lashings 

Lead bars, spare 

Paddles 

Pickets 

Pontons, complete 

Ponton chests 

Ponton covers, spare 

Pumps 



Number 

in 
division. 



12 

1 

8 

12 

70 

14 

16 

12 

8 

2 

228 

1 

160 

1 

40 
16 
8 
8 
4 
8 



Average 

unit 
weight. 



Poundt, 

4,750 

4,510 

4,580 

4,510 

2,420 

2,490 

75 

5 

90 

122 

4 

2 

45 

55 

35 

30 

.5 

50 

6 

9 

580 

170 

110 

8 
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Articles. 



Rack sticks 

Rope, 1 inch circumference, hall coils, 720 feet each. 
Rope, 3 inches circumference, half coils, 720 feet each 

Scoops 

Sills 

Singletrees, spare 

Spare cover dox 

Tongues, spare 

Trestles, complete 



Number 
in . 
division. 



64 
2 
2 

16 
2 
8 
2 
S 
2 



Average 

unit 
weight. 



Pounds. 
1 

25 

180 

1 

130 

6 

80 

75 

530 



42. Loads f«r forced marehM. — ^When a forced march is to be made, 
and it is desirable to lighten the loads, the chess may be removed 
from the ponton wagons, the rope from the trestle wagons, and the 
load of the chess wagons be reduced to 40 chess. The number of 
chess wagons in this case must be increased to five. 



CHAPTER 3. 



BOAT DRILL. 

1. The pontons of the heavy train may be nsed In the passage of 
troops over rivers and for embarking and disembarking an army 
and its stores; moreover, the construction of bridges by night over 
deep and rapid streams is a common occurrence in a campaign. A 
well-instructed pontonier must, therefore, be a good boatman. The 
following exercises, designed to impart this knowledge, are to be 
thoroughly taught and frequently practiced, keeping in mind, espe- 
cially in the school of the flotilla, that the chief aim is to render the 
troops expert in handling the boats, and to accustom them to maneu- 
ver without interference in restricted positions. 

SCHOOL OF THE PONTONIER. 

2. The object of this school is individual instiuction in the use of 
the oars, paddles, and boat hooks. The drill should be carefully 
supervised by the commissioned officers of the company, who will 
move about from ponton to ponton, and see that every part of the 
drill is properly taught. 

3. The instructor (usually a noncommissioned officer) embarks his 
detachment, consisting of six privates, and pushes out into deep 
water, where^ if the current be strong, he casts anchor. The boat 
is provided with seven oars, two boat hooks, and one anchor and 
cable. The instructor, placing hims^f in the stem, details each 

{)rivate in turn to practice with the oar, the rest being allowed to 
ean against the gunwale&jpaying close attention to the drill. 

4. At the command ATTENTION, the pontonier inserts the row- 
lock in the socket, and then facing aft places himself in the middle 
of the ponton abreast of his rowlock, assuming the position of a 
soldier as prescribed in infantry drill regulations. 

5. At the command UP OARS, he grasps his oar and raises it 
briskly to the vertical in front of the center of his body, the handle 
resting on the bottom of the boat and the blade athwartships. The 
hand next to his rowlock grasps the oar at the height of the chest, 
elbow and wrist horizontal ; the other steadies it at a point 12 inches 
lower. 

6. At the command LET FALL, he moves one foot 18 inches per- 
pendicularly toward the side opposite to his rowlock, and lowers his 
oar 80 that it touches the water before striking the gunwale; special 
attentioi is required that it does not fall upon the rowlock, into 
which it should be placed gently with the blade horizontal. He next 
slips one hand to the grip and places the other on the oar 8 inches 
from it, the backs of both hands being up and the wrists lowered, 
and moves the foot next to the rowlock 18 inches to the rear. 

7. At the command GIVE WAY, given when the oar is at the final 
position indicated for LET PALL (or at HOLD WATER, in which 
case the oar is at once brought to this position), he raises his wrists 
and extends his arms, throwing the weight of the body well forward, 
drops the blade vertically into the water, throws his weight strongly 
backward upon the oar, disengages it from the water, and resumes 
his first position. These motions are repeated with regularity, taking 
care to make a long sweep, to keep the oar near the water, and to 
feather it by depressing the wrists after every emersion until the 
command WAY ENOUGH or OARS is given. The instructor will take 
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care that the oar be moved by the weight of the body and not by the 
force of the arms. 

8. At the command WAY BNOUOH, gLven when the oar is in the 
water, the pontonier takes one stroke, raises his oar to a vertical 
position, ana lays it gently in the ponton, the blade toward the bow. 

9. At the command OAKS, given when the oar is in the water, he 
takes one stroke if roinng, and resumes the final position indicated 
for LST FALL, if at the position HOLD WAT£B, the stroke is 
omitted. 

10. At the command HOLD WATER, given when the oar is in the 
final position indicated for LET FALL, the pontonier raises the grip 
80 as to engage the blade in the water, and holds the oar firmly at 
right angles to the boat, blade vertical. The object, of course, is to 
check the headway when in motion. 

11. At the command STERN ALL, given when the oar is at HOLD 
WATER, or at the final position indicated for LET FALL, he re- 
verses the operation of rowing as described under OIYB WAY, and 
by pushing vigorously against the oar when immersed, gives the boat 
a motion astern. The operation ceases at the commands WAY 
ENOtJOH or OARS, which are executed as described above. 

12. The command SCULL is given when the oar is in the final 
position indicated for LET FALL. Sculling is first taught by placing 
the iM>ntonier at the rowlock in the stern which he faces. The oar 
Is nearly balanced in a horizontal position in the rowlock, the blade 
horizontal, and is held by clasping the grip with both hands, the 
backs up and the right hand next the body. The feet are placed 30 
Inches apart on a line parallel to the stern, and at a convenient dis- 
tance from it. At the command SCULL, the weight is thrown on the 
right leg, and the blade after being carried to the left, is immersed, 
giving it at the same time an inclination toward the right by de- 
pressing the right elbow. The weight is now thrown strongly on the 
oar» the body bending toward the left. The blade is turned at the 
same time in the water by varying the position of the elbows, so 
that at the end of the stroke it inclines toward the left ready for 
the reverse stroke — which is immediately given without letting the 
oar emerge from the water. This oblljqiue passage of the oar through 
the water, to the right and left alternately, forces the boat forward ; 
and by varying the amount of pressure in the alternate strokes the 
boat may be turned toward eitner side. To scull a boat skillfully 
requires considerable practice, which must first be acquired at the 
stern rowlock. Afterward the pontonier is required to execute the 
same movements at the side rowlock, placing himself in the most 
convenient position permitted by the length of the oar in use. At 
the command WAY BNOUQH or OARS the motion is terminated. 

13. The command TRAIL is given when the oar is in the final posi- 
tion indicated for LET FALL, and only when it is attached by a trail 
line to the gunwale. The command is obeyed by unshipping the 
oar ftrom the rowlock and letting it trail in the water alongside. 
At the command SHIP the oar is restored to its former position. 

14. The command UNSHIP is given when the oar is in the final 
position indicated for LET FALL, and is executed by removing the 
oar from the rowlock and letting it trail alongside, held by the hand 
next the gunwale. This position is used whenever it is necessary to 
prevent fouling the oars suddenly, as in shooting a bridge. At the 
command SHIP the oar is restored to its former position. 

16. The command BOAT OARS may be given when the oar is in 
the final position indicated for LET FALL or at UP OARS. The 
pontonier raises his oar to the vertical, if not already there, lays it 
quietly on the bottom of the boat, blade toward the dow, and takes 
the position of ATTENTION. 

16. The command REST may be given when the pontonier is at 
ATTENTION or at TRAIL. He is no longer required to preserve 
silence or his position. 

17. The use of the boat hook is too varied to be reduced to a 
manual. It is used for pushing the boat in shallow water, for hold- 
ing it fast alongside another ooat, or to the bank, for recovering 
aixicles lost overboard, and for other similar purposes. 
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18. PontonierB should also be trained la the xise of tbe paddle bo- 
longing to the light equipage. This training may be glTen In the 
wooden pontons, and a mannal for It ia not deemed necessaty. 

SCHOOL OF THE BOAT. 

19. The object of this school Is the Instractlon of the pontonlers 
In the management of the single boat. It Is not ta be taught until all 
of the crew are thoroughly familiar with the use of the oar, paddle^ 
and boat hook, as described in the preceding school. The exercise 
will be conducted under the close supervision of commissioned officers, 
who will move from boat to boat and see that all the commands are 
thoroughly understood and properly executed. The right and left of a 
boat are the right and left sides when facing the bow. 

20. To embark. — ^The Instructor, a noncommissioned officer, provides 
his detachment with seven oars and two boat hooks, which are car- 
ried on the shoulders, blades or hooks well up, forms it In single 
rank, with the best oarsmen on the right, files It left in front into the 
ponton (supposed to be in the water, moored to the bank by the 
stern), and deposits the oars in the bottom of the boat, six witii the 
blades toward the bow and the seventh reversed. The boat hooks 
are placed outside the oars, prongs toward the bow. The cable is 
colled in the bow, with the lower end made fast to the right mooring 
post and the other attached to the anchor by an anchor knot. The 
anchor is placed with its arms projecting vertically over the bow and 
its stock resting on the gunwales aft of the mooring posts. 

21. At the command ATTENTION (executed as in the School of the 
Pontonler) the crew arrange themselves in the order in which they 
were formed on shore, the right iM>ntonler (stroke oar) taking the 
after right rowlock and the others alternating, the even numbers 
being on the left side. The instructor then directs one or two of the 
m^i next the stern to step on shore, remove the moorings, and pre- 
pare to push the ponton from the bank. 

22. At the command UP OARS (executed as In the School of the 
Pontonler) the Instructor takes the reversed oar himself and, draw- 
ing it aft horizontally, puts the blade over the side or stern and pre- 
pares to use it in pushing off f^om the bank. 

23. At the command SHOVE OFF the men on shore, aided by the 
instructor and, if necessary, by others of the crew with their oars, 
disengage tibe ponton from the bank and Jump in. All the oarsmen 
tben assume tne position of UP OARS, and the Instructor places 
his oar In the stern rowlock in readiness to direct the course of the 
boat. 

The command LBT FALL (executed as In the School of the Pon- 
tonler) is then given. . , , 

24. Simple exerdses. — ^The crew Is next drilled to execute in unison 
the following movements as prescribed In the School of the Pon- 
tonler, the after right oarsman giving the cadence : GIVE WAY ; 
WAY ENOUGH; UP OARS: LET FALL; OARS; HOLD WATER; 
STERN ALL; TRAIL; UNSHIP; SHIP; BOAT OARS; REST. In 
order to secure the simultaneous and prompt execution of these 
movements ^e preparatory commands similar to the following may 
be used: STAND BY TO GIVE WAY; STAND BY TO LAY ON 
OARS; STAND BY TO STERN ALL. These exercises will be con- 
tinued until the entire crew can execute them properly. It is better 
to require vigorous exertion. Interspersed with frequent rests, than 
to Induce a habit of sluggish and irregular execution by over- 
fatiguing the men. It should be added that the instructor need not 
shift his position when the men are backing, as he can readily steer 
from the stern. Indeed, the boat is moved in this direction with 
nearly the same facllitv as to the front. 

25. When the c];ew is well drilled in the foregoing simple exercises 
the following more complicated movements will be taught : 

26. To tarn the boat rapidly. — ^The oars being at the fin al p osition 
indicated for LET FALL, the Instructor commands, GIVE WAY 
RIGHT (or LEFT) ; BACK LEFT (or RIGHT). Pulling and back- 
ing oars keep stroke with the after oar of their own side. To cease 
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turning the instmctor commandB GIVB WAY, at which the backing 
oars take 'the direct stroke. Assisting with his own oar, the in- 
structor can turn the ponton with great rapidity and in a very 
small space by this metnod. 

27. To moT» sideways. — ^It is sometimes desirable to move the ponton 
a short distance to the right or left without advancing or backing. 
This is effected in the following manner : To move to right, the in- 
structor directs the bow oarsman to shift his oar into the bow row- 
lock, moving the anchor a little if necessary, and to face to the right. 
The oars being at the final position indicated* for LBT FALL, he 
then commands LBFT PRBPAKB TO SCULL, faces to the right and 
prepares to back with his own oar. All being in position he com- 
mands BACK AND SCULL. The left oarsmen (without attempting 
to keep stroke) then scull, each through his own rowlock, and the 
instructor and the bow oarsman back steadily so as to preserve the* 
boat parallel to its former position. The desired movement having 
been effected, the instructor commands OARS, wnen all take their 
previous positions. The movement to left is executed in a similar 
manner by the commands: 1. RIOHT PRBPARB TO SCULL; 2. 
BACK AND SCULL. 

28. To cast anchor. — ^The ponton is first headed to the current and 
Its way checked. At the command PRBPARB TO CAST ANCHOSU 
the right and left bow oarsmen boat their oars; the former unships 
the bow rowlock (if in the socket) and sees that the cable is clear, 
while the latter grasps the stock with both hands, each one foot from 
the shank, and stands ready to cast it overboard. At the command 
CAST ANCHOR, he tips it into the water and assists the right bow 
oarsman in paying out the cable. When the ponton has dropped 
astern (or been backed) about five times the depth of the water, they 
take a single turn around the left mooring post and hold strongly 
upon the cable to make the flukes take hold of the bottom. When 
this is accomplished they gradually pay out about as much more 
rope, and then secure the cable to the left mooring post by a mooring 
knot. In deep water a relatively less length of cable will suffice. 
The instructor then commands BOAT OARS. 

29. To weigh anchor.-r- The crew being at ATTENTION, the in- 
structor commands: 1. PREPARE TO WEIGH ANCHOR; 2. UP 
OARS; 8. LBT FALL. At the first command the left bow oars- 
man loosens the cable from the mooring post, and aided by the right 
bow oarsman, passes it over the middle of the bow ; they then stand 
ready to haul in. The remaining pohtoniers obey the second and 
third commands as given. The instructor then commands GIVB 
WAY, and causes the ponton to be moved slowly toward the anchor, 
the bow oarsmen taking in the slack of the cable and neatly colling 
it away in the bow. When the cable becomes vertical the way of the 
boat is checked, and the two men, pulling vigorously, raise the anchor 
to the bow, where it is held by the right bow oarsman, while the left 
bow oarsman grasps the stock with both hands, and, aided by the 
other bow oarsman, lifts it to Its position already described. They 
then resume their oars and take the stroke. 

30. To debark. — On approaching the landing place, the ponton being 
headed in the proper direction, the instructor commands IN BOWS. 
At this command the bow oarsman takes one stroke, and, boating his 
oar as directed in the School of the Pontonler, takes a boat hook 
and stands ready to assist in the landing. When suflScient way has 
been gained the instructor commands WAY ENOUGH, and the stroke 
oarsman takes the remaining boat hook to assist In the landing. 
The instructor with the steering oar then brings the ponton to the 
bank in the most convenient manner, causes the rowlocks to be un- 
shipped and the ponton to be properly secured, and lands his men in 
a way similar to that prescribed for embarking them. 

81. To salute. — ^When passing a boat containing a commissioned 
ofllcer of superior rank to any in the ponton, the chief brings his 
crew to the position of OARS. The salute is acknowledged in the 
same way. The salute will not be given during drill, except when 
directed by the ofBcer in charge of the drill. 



M PONTON XANVAL. 

SCHOOL OF THB FLOTILLA. 

82. A flotilla generally consists of one ponton diyision of eight 
boats, but it may comprise any number of boats greater than one. It 
is commanded bv a commissioned officer, usually a captain, who, if 
practicable, should make use of a light boat, in order to enable him to 
move rapidly to any point where his presence may be required. Lieu- 
tenants In the pontons promptly rectify errors and prevent confusion. 

33. All commands of ihe captain will be repeated oy the lieutenants 
and, if necessary, by the chiefs of pontons. Preparatory commands 
will be separated from those of execution by a sufficient interval to 
allow the chiefs of pontons to add the requisite directions to their 

Sontoniers. Commands of execution will be obeyed as soon as heard. 
Ignals and whistles may be used, as in infantry drill regulations. 
•Megaphones may be used if desired. 

34. Inversions are ignored. The front is always toward the bows 
of the pontons: hence FORWARD always calls for a direct stroke 
and BACKWARD for a back stroke. In executing movements RIGHT 
and LEFT refer to the actual direction of motion. 

35. The drill unit is the single boat. Two boats constitute a sec- 
tion. In line the pontons and sections are numbered from the actual 
right ; in column of single boats the boats are numbered from the 
front ; and in column of sections from the right and front. Thus in 
column of sections No. 1 is on right of the leading rank. No. 2 is on 
the left of No. 1, No. 3 is behind No. 1, No. 4 is behind No. 2, etc. 
Sections, when formed, are numbered in a similar manner. They are 
commanded by the senior lieutenant or sergeant in them, who gives 
the orders prescribed for the chiefs of pontons in the formation by 
boat, with any necessary additional directions. 

36. The normal interval between boats in line is 20 yards and 
distance between boats in column 12 yards. These may be changed 
by the captain, but they must not be reduced below 12 yards ana 4 
yards, respectively. In a very rapid current they should be consider- 
ably increased. In the case of sections the intervals and distances 
between sections are those resulting from the intervals and distances 
of the immediately preceding boat formation. 

37. Any ponton mav be designated as the guide, but unless specially 
designated the guide is always right. 

38. To embarks — The company is marched to its drill ground, where 
it is divided into boat detachments of six men each. A suitable non- 
commissioned officer or well-instructed private is assigned to each 
detachment and acts as chief of ponton. Bach chief of ponton 
marches his detachment to the place of storage of the oars and boat 
hooks and obtains the prescribed number of each. He then re-forms 
his detachment, as described in the School of the Boat, marches it 
to the ponton assigned to him by the company commander, embarks, 
but does not shove off, and awaits the commands of the flotilla com- 
mander. Lieutenants are assigned to pontons or are otherwise used 
as the captain may direct. 

When practicable the pontons should be moored stern to the bank 
at intervals of about 20 vards. 

39. When all the boats are in readiness the captain commands: 
SHOVB OFF, which is executed as prescribed in the School of the 
Boat. The captain then commands : 1. FORWARD ! 2. MARCH ! 
At the first command each chief of ponton commands LBT FALL ! 
and at the second command QIVB WAY ! The captain embarks in 
his boat and follows up the movement. The chief of the guiding 
ponton directs his boat perpendicularly to the shore at a moderate 
speed. The other pontons preserve the intervals and the alignment. 
It the shore does not favor the formation of a long line of boats, 
they mav be moored closer together and the flotilla may advance in 
column from the right or left, as hereafter described. 

40. Having gained a sufficient distance from the shore, the captain 
drills the flotiUa. Two formations are recognized — the line and the 
column. For convenience of reference all flotilla movements are 
classified in the following table : 
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FLOTILLA MOTBMBNT8. 



In line. 


In column. 


To halt. 


To halt. 


To dress 


To advance. 


To advance. 


To back. 


To back. 


To oblique. 


To oblique. 


To change direction. 


To turn. 


To take distance. 


To extend Intervalfl. 


To close distance. 


To close intervals. 


To form line to either flank. 


To form column to front. 


To form line to front. 


To form column to either flank. 


m 



To these should be added the anchorage and debarkation, either of 
which mav be executed from line or from column. 

41. In line, to halt. — Whether advancing or backing. The captain 
commands: 1. FLOTILLA! 2. HALT! At the first command the 
chiefs of pontons command : STAND BY TO LAY ON OARS ! At the 
second command thev command: OARS! HOLD WATER! followed 
by OARS ! when the headway is checked. 

42. In line halted, to dress. — The captain commands : 1. RIGHT (or 
LEFT) 2. DRESS! The first two pontons on the designated flank 
remain as steadily as possible in position, while the others place 
themselves on the line. 

43. In line, to advanee. — ^Whether at a halt or backing. The com- 
mands of the captain are : 1. FORWARD ! 2. MARCH ! They are 
executed as already described for embarking, omitting the command 
LET FALL, if not required. If b&cklng, each chief commands: 

1. OARS ! 2. HOLD WATER ! at the first command. 

44. In line, to back. — Whether advancing or at a halt. The captain 
commands: 1. BACKWARD! 2. MARCH! At the first command, 
if advancing, each chief commands: 1. OARS! 2. HOLD WATER I 
if at a halt, he brings bis crew to the position of OARS. At the 
second command he commands : STERN ALL ! which is executed as 
prescribed in the School of the Boat. 

46. In line, to obligae. — Whether advancing or backing. If the 
former, the captain commands: 1. RIGHT (or LEFT) OBLIQUE: 

2. MARCH. At the first command each chief commands : OARS. At 
the second command he adds GIVE WAY LEFT (or RIGHT) ; 
BACK RIGHT (or LEFT). When the boat has changed its direction 
45 ** he commands : GIVE WAY, and directs his boat so as to preserve 
his proper interval from the guide on a front parallel to the original 
alignment. To resume the direct march the captain commands : 1. 
FORWARD: 2. MARCH. The chiefs of pontons command: OARS, 
and GIVE WAY RIGHT (or LEFT) ; BACK LEFT (or RIGHT) ; 
and GIVE WAY as before. In backing similar commands are given, 
substituting BACKWARD for FORWARD, and STERN ALL for 
QIVE WAY. 

46. In line, to torn. — Whether at a halt or advancing. The captain 
commands: 1. FLOTILLA; 2. RIGHT (or LEFT) ; 8. MARCH. At 
the first command the chief of the right ponton commands : 1. STAND 
BY TO LAY ON OARS. At the second command he commands: 2, 
OARS, and, if necessary: 3. HOLD WATER. He then turns his 
ponton to the right and holds water until the other pontons arrive on 
the line. The chiefs of the other pontons steer them by the shortest 
routes to their positions on the new line. As each interior ponton 
arrives on the line it is halted. When the last ponton is about to 
arrive on the line the captain commands either : 4. FLOTILLA ; 6. 
HALT : or 4. FORWARD ; 5. MARCH. 

47. In line, to extend intervals^— Whether advancing, backing, or at 
a halt. The captain commands: 1. EXTEND ON PONTON NO. — - 
TO — YARDS; 2. MARCH. If advancing. or backing the chiefs of 
pontons command : OARS at the first command, and give the com- 
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mands prescribed for obliquing toward the proper flank at the second, 
resuming successively the direct march as the intervals are gained. 
All boats except the designated one increase their speed until they 
arrive on the line. 

If at a halt, the chiefs of pontons execute the movement prescribed 
for movihg sideways in the School of the Boat, halting when the in- 
tervals are gained. 

48. In line, to cIom Intervals. — Whether advancing, backing, or at a 
halt. The captain commands : 1. CLOSE ON PONTON NO. — TO — 
YARDS ; 2. MARCH. This movement is executed upon the same 
principles as the last, reducing the interval toward the indicated 
ponton. 

49. In lint, to form column to the front. — Whether advancing or ^t 
a halt. The captain commands : 1. RIGHT (or LBFT) BY PONTON ; 
2. MARCH. If advancing, the chief of the right ponton cautions his 
men to continue rowing slowly : the others give the command STAND 
BY TO LAY ON OARS. At tne second command they add: OARS. 
As soon as the designated ponton has passed the next in line, the 
chief of the latter orders GIVE WAY and steers obliquely into posi- 
tion behind the first. The other pontons successively follow the 
movement so as to enter the column at their proper distance. If 
at a halt, the movement is executed on similar principles, the chiefs 
of pontons giving in succession the commands STAND BY TO GIVE 
WAY: GIVE WAY, so as to form the column as before. If the cap- 
tain desires to form a column of sections he commands: 1. RIGHT 
(or LEFT) BY SECTIONS ; 2. MARCH. The movement Irf executed 
upon the same principles as the foregoing, the boats of each section 
acting together under the commands of its chief. 

50. In une, to form column toward either flank. — Whether advancing 
or at a halt. The. captain commands: 1. PONTONS RIGHT (or 
LEFT) ; 2. MARCH; 8. FORWARD; 4. MARCH. 

If advancing, each chief of ppnton commands : RIGHT (or LS3FT) 
STAND BY TO LAY ON OARS at the first command. At the second 
he commands: RIGHT (or LEFT) OARS: HOLD WATER. Fol- 
lowed at the proper time with the commands STAND BY TO GIVE 
WAY and GIVE WAY. If at a halt, the commands of the chiefs of 

Son tons are: STAND BY TO GIVE WAY LEFT (or RIGHT), BACK 
IGHT (or LEFT) ; GIVE WAY LEFT (or RIGHT), BACK RIGHT 
(or LEFT) ; STAND BY TO GIVE WAY ; GIVE WAY. If the cap- 
tain wishes to form a column of sections he gives the same com- 
mands, substituting SECTIONS for PONTON. Each section turns 
to the right by the commands and principles prescribed for turning 
by flotilla, substituting SECTION for FLOTILLA in the commands. 

51. In column* to halt, to advance, to back, and to oblique. — The same 
commands and methods of execution are followed as in line. 

52. In column, to change direction. — Given only when advancing. 
The captain commands : 1. (X)LUMN RIGHT (or LEFT) ; 2. MARCH. 
The chief of the leading ponton or section at once executes a turn 
to the right. Each boat or section executes the same movement 
upon arriving at the same point. 

53. In column, to take distance. — Whether advancing or at a halt. 
The captain commands: 1. TAEIE DISTANCE TO — YARDS; 2. 
MARCH. If at a halt, the chief of the leading boat or section com- 
mands : STAND BY TO GIVE WAY, and at the second command he 
commands GIVE WAY. These commands are repeated successively 
by the chiefs of pontons or sections in- rear in time to secure the 
designated distances. If advancing, the chiefs of all pontons behind 
the leading boat or section command at the first command STAND 
BY TO LAY ON OARS. At the second command they command 
OARS, and resume the march successively as the designated distances 
are csained 

5C In column, to clote distances. — Whether advancing or at a halt. 
The captain commands : 1. CLOSE TO— YARDS ! 2. MARCH ! The 
movement is executed by the same commands and principles as the 
last, the boat in front halting or remaining at a halt and those in 
rear moving up together and halting successively in position at the 
commands of their chiefs. 
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65. In cotamn to fwm line to eitlMr flank. — Whether advancing or at 
a halt. The captain commands: 1. PONTONS (or SECTIONS) 
RIGHT (or LBFT) ! 2. MARCH ! 3. FORWARD ! 4. MARCH ! 
The movement is executed by the commands and principles prescribed 
for forming column from line. 

56. In cwnmn to form line to the front. — When advancing or at a 
halt. The commands of the captain are: 1. RIGHT (or LEFT) 
FRONT INTO LINE ! 2. MARCH ! The leading ponton or section, 
by command of its chief, moves forward 20 vards to give the one 
following room to obllQue Into position, and then halts. The chiefs 
of the other pontons or sections give the commands prescribed for 
obliquing into line, move opposite to their positions, advance to the 
line, and halt, dressing upon the leading ponton or section. 

57. To anchor the mtUla. — The flotilla may be anchored, whether in 
line or in column, wnether at a halt or in motion, and whatever be 
the direction of the current : but, except in emergencies, the direction 
of motion should be up or down stream before giving the command. 
The commands of the captain are : 1. PREPARE TO CAST ANCHOR ! 
2. CAST ANCHOR ! 3. BOAT OARS I The movements are executed 
as prescribed in the School of the Boat, the chiefs of pontons being 
careful to make fast their cables at such at length as to preserve their 
proper intervals and distances. 

5S. Te weich anchor. — The commands of the captain are : 1. AT- 
TENTION ! 2. PREPARE TO WEIGH ANCHOR f 3. FORWARD! 
4. MARCH ! At the second command each chief of ponton, after cau- 
tioning the two bow oarsmen to handle the cable, commands : UP 
OARS ! At the third command he orders : LET FALL ! and at the 
fourth command : GIVE WAY ! The anchor is weighed as prescribed 
in the School of the Boat. 

59. To debark. — This movement may be executed from line or from 
column. The captain, upon approaching the shore, makes the up- 
stream ponton the guide, and commands : 1. PREPARE TO DEBARK 
AT — YARDS INTERVALS ! 2. DEBARK I After the first com- 
mand the guiding ponton is grounded and moored to the bank ; the 
others, obliquing, if necessary, gain the indicated interval and execute 
the same movement. At the second command, which is not given until 
all the boats are secured, the chiefs of pontons file their men out, 
taking with them oars and boat hooks, unless otherwise instructed, 
and lorm their detachments facing their respective boats. The 
captain then gives such directions as may be necessary to re-form the 
company. 



CHAPTER 4. 



BRIDGES WITH THE BRIDGE BQtJIPAGB. 
SELECTION OF SITE. 

1. The location of a bridge is usually fixed by tactical requirements, 
but occasionally the advantages of a site may govern the movements 
of the troops. The orders for the construction of a bridge should 
prescribe only the limits within which the site may be chosen, leaving 
its exact location to be selected by the engineer officer in charge. He 
makes a reconnoissance of the reach prescribed In the orders and 
determines the site and method of construction, keeping in mind both 
the tactical and the technical requirements of a bridge site. 

2. Tactical reqnirements. — In an advance the near shore should 
afford concealment for the operations preparatory to bridging and 
should command the farther shore. The latter should be open to 
allow of rapid deployment, and should not have near the bridge any 
high or difficult ground which the enemy misht occupv. In a retreat 
high or difficult ground on the side from which the bridge starts is 
advantageous, as it enables the retreating force to hold on and to 
cover the bridge. The opposite shore should afford cover from hostile 
observation. If the bridge must be located in a bend, the passage 
should be toward the convex bank in an advance and toward tne con- 
cave bank in a retreat. Concealment from possible artillery fire is 
aiwavs to be sought. 

3. Technical requirements. — ^The bridge should be located in a straight 
reach or gentle bend, where the bed affords good anchorage, slopes 
gradually away from the bank, and is free from snags, bowlders, reefs, 
or other obstructions ; where the current is regular, parallel to the 
banks, and moderate ; where the banks are firm and, if much above 
the water, have easy slopes and are not rough, broken, or liable to 
overflow during ordinary rises. A bridge site meeting all these con- 
ditions will rarely be found, but as many of them as possible should 
be secured. The exit should be easier than the approach to avoid 
crowding on the bridge. A tributary stream may afford concealment 
for the assembly of materials, in which case a site just below its 
mouth may be better than one elsewhere. 

4. In addition to the foregoing the width of the stream, velocity 
of current, depth of stream, rise and fall of tides, variation in 
width of wetted section, and frequency and height of ordinary floods 
should he determined. Except for the measurement of width, only 
rough data are required; the width should be determined fairly 
accuratelv. 

5. A narrow stream may be measured by stretching a line across 
it. The width of any stream may be determined with sufficient 
accuracy by the use of a prismatic compass or pocket sextant and a 
base line measured by a tape or even careful pacing, utilizing the 

Srinciples of similar triangles or of trigonometry. Velocities may be 
etermined by the method of surface floats and depths by the use of 
sounding poles or lines. The rise and fall of tide are determined 
by observing the marks made by high tide and, if possible, by observ- 
ing directly the water surface at both high and low tides. An allow- 
ance of a foot or more should be made for unusual tides. The 
height of ordinary floods and variations in stream width may be de- 
termined by the location of drift and information from the in- 
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babltoDta U na rtcorda of the stream are STallable. Tbe trequeuc; 
oi rlsei mnat be learned firom the Inbabltstlts. from TMordi, or from 
a geaeral knowledss ot tb« cbaracterlBtln of Btreami In tbe Bamc part 
«t the coantT7. 

UNLOADING THE EQUIPAGK. 

6. The besTT cqalpagc. — A detail ot 20 pantonlere Is required for 
each ponton. The lotatlOD ot the bridge IWTlnR been aelected, the 
poiltoD wRKons are bronght as near the rWer bank aa possible, With 
the rear of the wagons toward tlie stream. The pontooB are nn- 
lasbed and slid from the wagon beds dlrectlv Into the water when- 
ever posalble. When a pocton can not be unloaded dlreclli Into the 
water, one end Is slid from the waeon to the groaud and the ponton 
then let carefully down by Ita unloading detachment ; a barrel or 
roller Is belpfal In tbU operatton. The ponton 1b then dragged or 
carried to the water and lannehed. Where tbe banks are too high 
to permit ot launching tbe pontons directly Into tbe water tbe boats 
... .^....^ ..._ .,.g „atgr on balks laid from '" — "'- ' 




FiQ. 36.— Method of folding 



cables attached and colled In the bows at the pontons, with the anchor 
on top with Its flukes projecting oier the gunwale. Tbe pontons are 
then moored at conventent points along the bank. The trestles and 
other material are unloaded In convenient places near the work, their 
location depending upon the method of cnnntructlon to be emploTed. 

T. Tlw llEht cqalpage.— A minimum detail of eight men Is required 
to tintoad and assemble each light ponton. A convenient locality Is 
selected and the ponton wagons are brought up about 10 yards apart. 
TTie ponton frames and cheats are then unloaded. To assemble each 
ponton the cover la spread on the grounil ana a. side frame ts laid 
ou the outer strip of -the cover with Its bottom edge toward the 

— . — 1.1.. 1 ._g ^[)pn InsiTted. the bcchet transoms being 

._.. J shall be toward the center of the pnntnn. 

> frame Is then placed on the trant^otns. A lasl 

, „h the rings of the Bide frame" »t —-b -"'i ■"•■' 

and twisted up with a rack stick. The fi 



[daced so that the beckets shall be toward the 

The other side frame Is then placed on the trant^otns. A lashing Is 
paaaed throagh the rings ot the side frames at each end, made faat, 

— J ._i...j i.t . ..,1, ,.1.1. .piip frame Is then turned over 

it the corner mflrha. The cover 

I taken that tbe canvas Is brought up 



r folds are turned back outside 
■ surface to tbe water 
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Aa eacb poDtoD Is utembled, lt> detail carri«a It to tlM t^rer and 

lannchea It. Tbe ODFas most oot b« ailowed to rob or drKg on aaj 
object nor to r^at on Koy ebarp point. II necessary to c&iry the 
boat any considerable distance, tbe men place the ponton on theli 
shoalders. If the water at the bank is too shallow to float It. the 
men wade Into the water hetorp Launching the ponton. As soon as 
each ponton Is launched, it Is moored, floored with 3 chess, and pro- 

_.i_i _.... , __ . ..^,. " ■ at hooks, 18 laehlngs. B paddles, 

..,-. The other material Is unloaded 
i practicable to the place where the 



bridge will b 



CONSTRUCTION. 



vnrir fenslb^ during the 



a ponton when loaded. 




Bfconi. When . . 
ment Is too shallow — 
firet ponton Is replaced 



ter at 



mally used for drill. 



-,, „ _ (flB. 37), which , . 

placed as shown Id 9^re 38 and described later u 
trestle bridees OTer a watercourse, or may be pla< ' * * 

(flg. 39) ; The abutment sill having been placed a 

Kragraph IT, a ponton Is broitgbt np opposll 
Iks '' *"■■ ■• ""■■' "»."-. »"- 



r heayy 



from these b; 



a-.?^-.' 



placed I 



r light equipage 



from lu Interior ennwale to 'ibe sbore ; a trestle cap {« 'suspended 
e by lashuga and the claws of two trestle balks are engaged 
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on tlie cap. The poati 

tmtle ba'*- — 

Bhallow V , r 

The legs aro Inserted In the 
keyed, and the lefp drlv 



f until the shore ends of the 
itment (dll, or, In case of very 

_ _ itte prevlouBl; laid from shore. 

lorttseB ot the cap, the shoes placed and 
iwn Into the bed of the river. The pins 



a placed and the ponton and constriictloD balks 




Fia. 88. — Abutment bay wltb trestle. 

removed. It It Is desired to eetabllah the flooring more than 2 feet 
i the water, the method indicate In flguru 40 Is preferable. 

■-' of the construction proceeds In the usual way. 

} lemark that all bays which are sustained by flxed 
B or both ot their eitremltles, Bhonld be reinforced by 
I balks <ag. 41), one between the first and second 




t with the second, the other between the fourth and 
t with the fourth — In order that they may have the 
s those supported by pontons. This Is necessary be- 

.., ..... ([|p bearlnea Is greater and the strain 

trom a suocE la more severe with fixed than with - ' 
9. Th* abalDUut hay.— Where thi , 

'■ " of the first bay la ■ 



e Btrengtb 



i dlstanc 



a ttdal 81 



This la n 

vtth fioatlng supports! 
-'-- ind /oil, ae i» the 
Dustantly chaDEing 
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-. -._. Jle (flg. 42). Two I 

saddle transaioa are enEascd on the Ktuwalea of ttie pootoD, 6 Iscbcs 
Inside of the extreme laihiDg hooke ; on tbesc tranaoms la placed * 
Bill reiUDB In the recess formed b; their cleata. Seven trestle b"" 
connect tlila alll with the Oied support and " 



Its Inclination, while that o 



Firtt. Bj equipplns the first pontoa with a Baddle ( 

,.jji. . ^ — ....g gjnu^aieg of the p 

■-- n these tranao_. 

r cleats. Seven t 

, a support and five balKs with the second 

ponton — where the laahlnga are made In the aanal manner. The 
side rails over the hinge should not lap, but merely meet over the 
■addle. The second bay may bIbo be reinforced. ThU method Is 
employed when the bridge Is to be subjected to, very heev7 loads, or , 
when It la to be used aa a thorougbfare for a long time. It la not 
applicable to the light eqhlpaKe. 

Becond. Wben the loads are to be moderate and the bridge U for 
temporary oae, the hinging bay may be arranged In the following 
manner (fls. 43) ; The trestle balks from the llied support are en- 
sased on the Interior gunwale of the flrst ponton, and the balks ot 
flie second bay are lashed to both gunwales of this ponton. 



E^o. 42. — Ponton equipped with saddle. 




1, ptflclng the 

Aa the water tails, tl 
ramp from the abutD 



I] about 2 feet above high-water mark. 
B ground succeaslTely, tormlnK a gentle 
k. B"",tlQg portion of the bridge. This 



e light equipage. 
11, TmUu on nft bottoms. — Where the bottom Is soft or yielding, 
trestles give much trouble from unequal aettlemeot ot the legs. This 



Although the varied circumstances onder which military bridges 
are constructed In the field preclude the possibility of executing this 
kind of work with the precision that should characterize other mili- 
tary movements, yet to Inauce the proper division of labor and prompt- 



troops la necessary, the 

lowed in actual service as 

The method by ancceBal 



.s will per. .. 

e pontons (fig. 44) la used aa a drill twtll 

the prlDclplea ot construction are well understood, atter which the 

Sontonlers are iuBtrncted in the other methods for which no farmal 
rill is prescribed. 
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13. Penonnel. — ^A larger number of men than shown In the follow- 
tng table may sometimes be used to advantage in the construction 
of the bridge when great speed is required, the table showing only 
the normal number of pontonlers advisable for one division of 
eqtiipage. When a company Is assigned to instruction with the bridge 
equipage, the details from it will be regulated so as to provide for 
the drill as near the normal number as possible. Where the bridge 
exceeds one division in length, in order to keep up the same speed 
of construction as contemplated in this table, the number of anchor 
detachments, balk carriers, chess carriers, and side-rail carriers must 
be increased. 



Name of section. 


Noncom- 
missioned 
officers. 


Pontonlers. 


TotaL 


AKmtment ■• 


1 
2 
2 
1 
2 

1 
1 


8 

8 

8 

10 

10 

2 

22 

8 


9 


TTpfftream anchor. ,,.,.,... 


10 


TkowT^fitn^ni ftnchor 


10 


Balk oanlw 


11 


TlAllr 1«ffhl^r , , . 


12 


Cable .' 


2 


Chess 


23 


Side rail 


9 






Total 


10 


76 


86 







In constructing a ponton bridge, the anchorage and the lashings 
are the two points that require particular attention and the men in- 
trusted with their exetnitlon should be selected from the most intelli- 
gent and experienced pontonlers in the command. 

14. Location of material (fig. 45). — Those pontons destined to cast 
upstream anchors are moored above the entrance to the bridge; all 
the others below. The balks are piled on the left of the entrance to 
the bridge in the following manner : Two balks are laid on the ground 
parallel to each other and 18 feet apart : across these a layer of balks 
nearly in contact ; then two chess directly above the first two balks ; 
then another layer of balks, etc. The coess are piled on the right 
side of t^e briage as follows : Three balks are laid on the ground 
parallel to each other and about 4 feet apart ; on these a course Of 
10 chess, nearly in contact ; across these 10 more chess at right angles 
to the first layer etc. 

15. Formation of sections.. — ^The material having been unloaded and 
all preparations made, .the company Is re-formed and the sections 
above prescribed selected. Each section is formed in two ranks, non- 
commissioned officers on the right (fig. 46). Where two noncommis- 
sioned officers are assigned to a section each has charge of one rank. 
The pontonlers are numbered from right to left in each section, the 
rear rank and front rank men to each file having the same number. 

One lieutenant is assigned to the line of upstream anchors, and 
standing on shore supervises the tostlng of anchors and the move- 
ments of the upstream anchor section. 

Another lieutenant supervises the location of the abutment and 
then takes his post at the head of the bridge. 

The third lieutenant usually supervises the downstream anchors 
and keeps a watch over the movements of the sections at the piles 
of material to see that the material is promptly gotten out. 

The captain supervises all the operations. Officers move about as 
required by their duties. In moving on and oif the bridge men keep 
as close to the right-hand side of it as possible. 




SECTION 

a — Abutmont 

6 — Upstrsam AncKor 

c — Downatreom Anchor 

d—Belk Corriar 

e — B&lk L&sher 

f—Cahte 

k-~ SkJe-RAtI 



Pia. 44.^-Bi1dEe by sacceaBlve ^ntona. Pig. 45. — Location of r 



Idee by 

terUf. 



formation of aectlona. 
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10. The sections having been detailed, the captain commands 
CONSTRUCT THE BRIDGE, at which comiftand aU sections com- 
mence their duties and carry them out as prescribed below. It is 
Intended that the one command of the captain shall caose every 
operation in the construction of the bridge by successive pontons to 
take place in its proper sequence, the noncommissioned officers in 
charge of sections keeping close watch upon the progress of the bridge 
and seeing that their sections are on hand at the instant they are 
required. The lieutenant at the head of the bridge keeps the sections 
moving promptly by calling their names, for example, CHESS, SIDE 
RAILS or BALK. It is important that no more noise than necessary 
be made in order that all may understand the commands given by the 
officers. 

17. The abatment sectloii. — The abutment section excavates a trench 
1 foot deep by 1 foot wide to receive the abutment sill. The sill 
should be horizontal, exactly perpendicular to the axis proposed for 
the bridge, and firmly secured in place by four picketct driven two in 
front and two in rear, about 8 incnes from each end. As soon as the 
balks of the first bay are in position a chess is placed against their 
ends, its upper edge on a level with the surface of the chess forming 
the roadway. It is secured by two pickets, and by packing earth in 
rear of it. The approach to the bridge is then prepared by cutting 
down the bank if necessary. 

Having finished the first abutment, the abutment section, taking 
with it a sill, a chess, 8 pickets, 2 cables, and the necessary tools, is 
taken to the opposite bank by an anchor detachment, pltftes the shore 
lines, and prepares the approach and abutment on the far shore, so 
that there will be no delay in the completion of the bridge. 

18. The anchor sectionB. — Each anchor section is divided into two 
detachments consisting of a noncommissioned officer and four men. 
Each detachment embarks in a ponton as soon as the command is 
given to construct the bridge. 

Each upstream anchor detachment moors its boat to the line of 
upstream anchors and above its place in the bridge. As soon as the 
position of the ponton has been verified the anchor is cast. 

The first detachment then drops its ponton downstream without 
further command opposite the abutment and close to the shore, pav- 
ing out the cable as the boat floats down to its place. The cable 
men enter the ponton, the cable is turned over to them, the anchor 
detachment comes ashore, embarks in another ponton and proceeds 
to the line of upstream anchors as before. 

The first downstream anchor detachment casts an anchor in a 
manner similar to that prescribed for the upstream anchors, then 
pulls up to the bridgehead, hands over its cable and boat to the cable 
men, disembarks, and enters another downstream ponton. 

The second upstream anchor detachment, as soon as its anchor is 
cast, drops its ponton down near its place in the bridge but clear of 
the latter. When the preceding downstream ponton is shoved off the 
second u^tream ponton, without further Command, drops down be- 
side it. The cable men enter the upstream ponton, take its cable and 
hold the ponton to the downstream ponton. The crew of the upstream 

gonton then disembark, passing off by the right-hand side of the 
ridge as soon as the portion covered with chess is reached, proceed 
at once to another upstream ponton, and repeat the duties they have 
just performed. 

The second downstream anchor detachment does not cast anchor, 
but pulls its ponton directly to its place in the bridge after the 
second upstream ponton has been shoved off and turns the ponton 
over to tne cable men. 

These operations are r^eated in succession by the respective up 
and down stream anchor detachments. 

19. The cable men. — ^At the command CONSTRUCT THE BRIDGE 
the cable men drive two pickets, one 30 paces above and one 30 
paces below the axis of the bridge. To each of these a shore line is 
made fast, the free ends of which are carried by them into the bow 
and stern of the first ponton. The front-rank man attends to the 
bow and the rear-rank man to the stern lines. When the first ponton 
is pushed off it is brought into its exact position by means of these 
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lines. The officer in charge at the head of the bridge then commands : 
MAKE FAST ! Both Itnes are drawn taut and made fast to the moor- 
ing posts by a mooring knot. The cable men then step into the second 
ponton, receive the anchor cables from the anchor detachment, bring 
tho second ponton into place as soon as it is pushed off, and hold it 
so until the second bay is nearly covered. Thev then step into the 
third ponton, carrying the cables with them. When the third bay is 
nearly covered the upstream cable is made fast, but the downstream 
cable is carried to the fourth ponton, etc. 

20. The balk Uwhers.-— At the command CONSTRUCT THB BRIDGE 
the front rank of balk lashers proceed to the head of the bridge and 
enter the first ponton as soon as it drops into place. The noncom- 
missioned officer takes a bundle of lashings from the locker in the 
stem and distributes them, two to each man. The men take their 
places opposite the lashing hooks, facing toward the shore, receive 
the ends of the balks presented to them by the balk carriers and en- 
gage the claws on the further gunwale, take one turn of the lashing 
around the end of the balk, and throw their weight on the latter as 
the boat is shoved off. As soon as the second ponton is brought to 
the head of the bridge the rear rank, placing their hands on one 
another's shoulders to steady themselves, walk along the balks already 
laid into the second ponton, where they take a position similar to the 
front rank. When the second set of balks is brought up they receive 
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the ends from the balk carriers, lay them in place, and hold them as 
described above, when the boat is shoved, off. In the meanwhile the 
front rank adjust the balks and lash them firmly, as shown in figure 
47, to both gunwales of the first ponton. The front rank then pass 
into the third ponton. These movements are repeated in sequence 
until the bridge is finished. 

The balks of the odd-numbered bays are laid as upstream balks; 
that is, the downstream faces are placed to coincide with the marks 
on the abutment sill directly over the lashing hooks. The balks of 
all even-numbered bays are laid as downstream balks. 

21. The balk carriers. — At the command CONSTRUCT THE BRIDGE 
the balk carriers place five balks on the ground parallel to the axis 
of the bridge and 2 feet apart, take their places, the front rank 
opposite the front ends ana rear rank opposite rear ends of the 
balks. As soon as the noncommissioned officer sees the first ponton 
about to reach its position he commands LAT HOLD ! RAISE ! 
SHOULDER ! FORWARD ! MARCH ! Each file raises a balk, the 
front rank to the right the rear rank to the left shoulder, and the 
ection moves in line to the head of the bridge, where the noncom- 
missioned officer commands HALT I LOWER ! At the last com- 
mand the front rank pass the front ends of the balks to the lashers 
in the ponton and, stepping back, assist the rear rank with the 
rear ends of the balks. As soon as the ladhers have secured the balks 
to the ponton the chief of section commands SHOVE OFF! The 
balk carriers push steadily against their ends of the balks until the 
ponton is in position and then turn over the balks to the lashers. 
They are then marched off by the left fiank and, proceeding to the 
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pile of balks, lay out five more balks, which they carry to the bridge 
as soon as called for in the manner Just prescribed. 

22. The chMs sectieii. — ^At the command: C0N8TBUCT THE 
BRIDGE, the noncommissioned officer marches his section to the pile 
of chess and designates two men to act as chess layers. When the 
balks of the first bay are secured, the noncommissioned officer forms 
his section In column of. files, the chess layers In front without chess. 
Bach of the others carries a chess nnder his right arm, the forward 
end well up. They proceed to the head of the bridge, deliver the chess 
to the chess layers then return to the pile of chess. The chess layers 
stand on the balks to be covered (one on the first and second, the 
other on the fourth and fifth balks), facing toward the shore; they 
receive the chess from the carriers and place them, shoving each one 
hard against the preceding one, keeping the score marks In a con- 
tinuous line on the axis of the bridge. The chess are laid to within 
1 foot of the ponton. After the chess carriers return to the pile 
of chess each man, at the proper time, takes another chess and the non- 
commissioned officer forms his section In column of files near the abut- 
ment In readiness to pass on to the bridge at command. 

23. The side-rail section. — ^At the command: CONSTRUCT THE 
BRIDGE, the Boncemmissioned officer forms his section and lays out 
two balks for the side rails of the first bay. 

As soon as a bay has been completely covered with chess the side 
rails are laid and lashed. They are placed immediately over the outer 




Fio. 48. — ^Rall lashing. 

balks and are secured by passing a lashing, twice if doubled and 
three times if single, round the balk and side rail, tying it looselv 
in a half bowknot (fig. 48), and then twisting It tightly with a rack 
stick. There are three lashings on each rail, one at the middle, the 
others over the axis of each ponton embracing two balks and two side 
rails. The lashings over the pontons on each bay are not made 
until the side rails for the next bay have been laid. The rack sticks 
incline toward the far shore on the right side and toward the near 
shore on the left side of the bridge. The side-rail lashers move from 
bay to bay, taking the lashings from the pontons and waiting in the 
latter until the side rails for the next bay are laid, when they proceed 
to make the lashings as above described. 

24. Anchorsgea.'^-The distance of the anchor from the bridge should 
be 10 times the depth of the stream if practicable ; with a less distance 
the bow of the ponton might be submerged in swift current. The 
direction of the cable when made fast to the bridge should coincide 
with that of the current. Before turning the cable over to the cable 
men the chiefs of the anchor detachments make sure that the anchors 
have a firm hold on the bottom. When necessary tiie anchors should 
be recast. A cable Is not finally made fast to the same ponton from 
which its anchor was cast, but to a ponton following it in the bridge, 
and due allowance must be made for this when casting the anchor. 
It is generally sufficient to cast an anchor upstream for every alter- 
nate ponton, and half that number downstream, but where the cur- 
rent is very rapid it may be necessary to anchor every boat upstream, 
especially near the middle of the bridge. The normal number of 
anchors can not be much diminished, however moderate the current, 
as the anchorage has a very marked effect in checking the horizontal 
oscillation to which fioatlng bridges are subject when troops are 
marching over them ; for this reason it is frequently advisable to in- 
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crease the number of downstream anchors. A downstream cable is 
never attached to a ponton that is not also anchored upstream. 

25. Sequence of events. — The sequence of events Is as follows, start- 
ing with the command, CONSTRUCT THB BBIDGB: 

All officers and sections proceed to their posts and take up their 
reroective dnties. 

The first ponton is moved into place and its crew comes ashore 
and Koes for another ponton. The cable men and the front rank of 
balk lashers enter. The balks are then passed to the lashers in the 
first ponton and temi>orarily secured by them: the first ponton is 
shoved off, its position is adjusted and the cables made fast by the 
cable men under the direction of the lieutenant at the head of the 
bridge. The chess are then laid. While the first ponton is being 
placed the second ponton (first downstream pont<m) is broughjt along- 
side, and the second rank of balk lashers and the cable men enter it, 
the cable men carrying the cable of the first anchor cast. The cable 
men take the cable of the second ponton and hold that ponton to the 
first by a quickly removable lashing. The crew of the second ponton 
passes ashore and goes for another ponton. 

As soon as the last chess is placed the balks for the second bay are 
brought up, passed to the balk lashers, and the second ponton is 
shoved ofF, aligned, and made fieist as prescribed for the first. The 
balk lashers in the first ponton make the permanent lashings and 
pass into the third ponton, which has been brought alongside the 
second. 

As soon as any bay is completely covered, side rails are brought 
up^placed. and lashed. 

when the officer at the end of the bridge commands or signals, 
" HALT,*' all detachments moving toward the head of the bridge halt 
in place, while those leaving continue and pass off the bridge. The 
construction is resumed by calling for the section desired. 

26. Dismantling by racceMive pontons. — ^The material is supposed to 
be transferred to the shore opposite to that from which the bridge 
was constructed. The bridge is dismantled by successive pontons in 
the inverse order of the operations prescribed for the construction of 
the bridge. 

BRIDGE BT PASTS. 

27. Method of conitmction (fig. 49). — ^The abutment Is constructed 
as in the previous method. The parts are constructed at suitable 

Soints along the shore above the bridge, and for each is required a 
etachment of not less than 12 men and the material for three bays. 

They are constructed as follows : 

A ponton is moored bow and stern close to the shore and five chess 
are temporarily laid from the bank to its interior gunwale for the 
convenience of the pontoniers during the construction of the part. 

The other two pontons are brought up in succession and two bays 
are constructed in the ordinary manner, except that seven chess are 
omitted from the roadway at each end. Twenty-seven chess and 
seven balks are loaded on the part thus formed, which is then 
pushed off and moved to the line of upstream anchors, where it 
casts at least one of its anchors and drops down to its place in the 
bridge. 

The first part is connected with the abutment bay by the pon- 
toniers on shore, who construct one length of bridge flooring in the 
usual manner to Join the abutment bay with the first ponton of the 
part. 

The other parts are united to the bridge as they come into posi- 
tion by t^s formed from the balks and chess with which they are 
loaded. When the parts consist of an odd number of pontons the 
parts must be numbered successively. The odd-numbered parts lay 
upstream balks in the bay which will be nearest the abutment, while 
the even-numbered ones lay downstream balks in the correspond- 
ing bay. 

The downstream anchors are cast from separate pontons provided 
for the purpose, and it may sometimes be necessary to cast the up- 
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stream anchors in the same way, as the parts are not easily man- 
aged in a rapid current. 

When the current is moderate the parts may be constructed below 
as well as above the bridge. 

28. Method of dismantling; — The parts are separated by removing 
the connecting bays and loading the balks and chess of which they 
are formed on the nearest part. Each part is next drawn by its 
cables to the line of upstream anchors and its anchors weighed; it 
it then rowed to the shore, where it is dismantled. 

The material of the abutment bay is carried off in the abutment 
ponton. 

When it is impracticable to weigh the anchors as above described 
buoys are attached to the cables, and they are abandoned, to be 
picked up later. 

BRIDGE BT RAFTS. 

29. Method of constmetion (fig. 50). — ^The abutment bay is laid in 
the same manner as in the method by successive pontons, and the 
rafts differ from the parts only in having the roadway completed — 
that is, the seven chess at each end are not omitted. The rafts are 
not loaded with extra balks and chess, but are provided with two 
false balks 6 feet 9 inches by 5 inches by 5 inches, and with four rack 
collars and four pairs of wedges (figure 51). 

* The rafts cast upstream anchors and are dropped down to th^r 
places in the bridge. Other anchors are cast as in the preceding 
method. The ends of the balks of the adjacent rafts are placed in 
contact and the pontons are lashed together bow and stem by their 
mooring posts. The false balks are laid over the side rails of the 
two rafts at their Junction and are secured by two rack collars, which 
embrace the false balk and the side rails and balks under them. 
These collars are placed on each side of and 2 feet from the junction 
ol the side rails. The wedges are driven between the f&lse balks and 
the tops of the collars. 

Rafts must be numbered and balks laid upon them as in the pre- 
ceding method. 

The bridge is dismantled by removing the false balks and then pro- 
ceeding as in the method by parts. 

As the method by rafts is seldom employed, it has not been con- 
sidered advisable to carry collars and false balks in the ponton divi- 
sions. The collars are carried in the supply division and the false 
balks are made when required by cutting a long balk into four pieces. 

BRIDGE BT CONVERSION. 

30. Method of constmetion (fig. 52). — ^The position of the bridge hav- 
ing been determined, the width of the stream Is accurately measured 
and a suitable place at some distance above the abutment is selected 
for the construction of the bridge. This place may be at a con- 
siderable distance from that which the bridge is to occupy ; it is fre- 
quently on some tributary of the stream to be bridged, out of sight 
of the enemy's shore. 

The bridge is constructed parallel to the shore. Side rails are 
lashed on all except the extreme bays. The balks, chess, etc., for the 
abutment bay on the far side are placed on the next to the last up- 
stream bay of the bridge. An extra ponton is lashed to the last up- 
stream ponton in the bridge. This contains the articles necessary 
for constructing the abutment and two extra pickets. The upstream 
anchors are placed in the bows of the boats one or two boats upstream 
from the ponton to which they will finally be attached, Ten or 
fifteen yards of their cables are coiled and the remainder Is stretched 
along the bridge toward the pivot. Two strong spring lines, consider- 
ably longer than the bridge, are stretched and fastened — one over the 
bows and the other over the sterns of all the pontons, with the ends 
colled on the extreme bays. The bridge is then allowed to float 
down until the downstream ponton is within 15 yards of the near 
abutment and is made fast to the shore. 

The material for the near abutment and bay is brought down in a 
ponton. Two pickets or other holdfasts are prepared for the spring 
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lines, and two for the shore lines; which have been coiled on the 
roadway between the first and second pontons. The near npstream 
qirinz and shore lines are then made fast and the near aontment 
completed. 

The npstream end of the bridge is then shoved off, and men are sta- 
tioned in the bow and stem of each ponton with oars and boat hooks 
to increase or retard the progress of^the bridge as may be necessary. 
One detachment is stationed at the near abutment to handle the 
spring lines ; another to prevent the pivot end from tOQching the shore. 
A torn of the shore line is also taken around the mooring post of the 
pivot ponton, and this line is eased off as necessary. The anchors are 
cast as the pontons in which they are carried pass the proper places, 
and their cables are shifted to the pontons to which they are to l>e 
attached. The progress of the bridge is checked Just above the line of 
the abutments and it is slowly eased down to its final position. The 
downstream anchors are cast from separate pontons, as in the bridge 
by parts. The far abutment is then constructed and the shore liays 
are laid. 

81. Kediod of dismantling. — This maneuver is rarely executed, except 
by an army in retreat, closely followed by the enemy. 

The shore bays are dismantled ; the spring lines are left fastened ; 
buoys are attached to the downstream anchor cables, which are cast 
off ; the upstream anchor cables are lengthened out with spare rope ; a 
strong line is passed from the next to the outer ponton to the shore 
toward which the bridge is to swing. The bridge is allowed to swing 
around, the upstream anchor cables and upper spring line being 
eased oif. When the swing has been about half completed, the pon- 
tons form such an angle with the current that the bridge no longer 
tends to move in an arc. The tendency then is to move obliquely 
downstream ; the strain on the lower spring line than becomes very 
great, and the pontoniers must haul in on the shore line and use their 
cars and boat hoolES. The upstream anchor cables are buoyed and 
cast loose if necessary. After the swing has been effected the bridge 
is floated downstream to some sheltered place and there dismantled. 

82. Comparison of the four methods. — The method of construction by 
sueceasive pontons possesses the advantages over the others of being 
applicable to all streams whatever may be their velocity, and of re- 
quiring the minimum quantity of equipage, the fewest pontoniers, and 
the shortest time for its construction. However, the labor of con- 
structing a bridge by this method increases rapidly with the number 
of bays. Thus the balk and chess carriers in constructing a bridge of 
40 bays are obliged to walk 6| miles; in one of 50 bays nearly lOi 
miles ; of 60 bays 14] miles ; and of 100 bays 40 miles. 

The method by parts ordinarily is used in connection with the 
method by succesive pontons. When the bridge is to be more than 
40 bays in length these methods are combined as follows : The bridge 
is begun at both ends if possible by successive pontons and is pushed 
on rapidly toward the middle of the stream. The two portions thus 
formed are connected by parts which are constructed In the mean- 
while along the river bank above the bridge. 

The method hp rafts is employed when the passage of a river is to 
be forced, and when the rafts can be constructed unobserved by the 
enemy, in which case the pontoniers will be exposed to fire but a 
short time ; that Is, while the rafts are floating into position and being 
connected. In order that this method of construction should be 
successful, the current must be moderate, and there must be at a 
reasonable distance above the bridge positions where the rafts can 
be constructed undisturb^ by the enemy. Such positions would be 
afforded by islands or tributaries in our possession. This method is 
also employed when the bridge is liable to injury from floating bodies 
as the portion threatened can be readily disconnected, dropped out 
of the bridge, and restored to its place when the danger is past. It 
may be used by an army hard pressed in retreat, as the rafts on the 
enemy's side of the river may be disconnected and moved to a place 
of safetv 

The construction hy conversion is a still more difficult operation. 
To Insure success the current must be moderate, the holding ground 
good, and the pontoniers skillful, intelligent, and cool. The awkward- 
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ness of a single man, the dragging of an anchor, or the parting of a 
cable may cause the failure of the entire operation. The opportuni- 
ties for employing this method successfully will be exceedingly rare. 

83. Drawbridge (flg. 53). — In navigable streams it is frequently 
necessary to provide a draw in the bridge: this is effected by intro" 
ducing two or more rafts, constructed as described in paragraph 30, 
and located in the part of the bridge through which it is most con- 
venient for vessels to pass. A swing line is attached, one end to the 
bow of the middle ponton of the draw and the other to the stern 
of the second ponton from the opening on the side toward which the 
raft is to be swung. To open the draw the raft is disconnected from 
the adjacent pontons and is allowed to drop out of the bridge by pay- 
ing out the cable of its upstream anchor. When the swing line be- 
comes taut the raft will swing into the required place as the anchor 
cable is further slackened, and it is then made fast by the swing 
line. The raft Is replaced in the bridge by casting off the swing line 
and hauling in the cable of the upstream anchor. The draw may be 
also formed of two rafts, one dropping to ^the right and the other to 
the left of the opening. 

34. Bridge witti extended intervals. — This method is shown in figure 
54. It has the advantage of increasing the normal length of a 
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bridge with a given number of pontons by about 25 per cent, but it 
does not give the same strength or stiffness as the ordinary method. 
It answers, however, very well in small streams if the bays are rein- 
forced by extra balks and even without this precaution when proper 
care is taken in passing the loads over the bridge. 

35. Reloading the heavy pontons. — In dismantling ponton bridges the 
balk and chess may be loaded directly on to the wagons or they may 
first be piled as described in paragraph 14 and loaded subsequently. 
For loading the boats the pontoniers are divided into sections of 1 
noncommissioned officer and 20 men each. Seven balks having been 
placed on the wagon and secured by the dowels, the ponton may then 
be raised to its place by one of the following methods if the nature 
of the shore does not permit it to be floated upon the wagon backed 
Into the water to receive it. In the first and third methods the front 
ends of the balks should first be fastened down. 

36. Firat (fig. 55). — ^When two strong casks can be procured the 
ponton is placed in rear of the wagon with its stern toward and 
about 14 feet from the rear ends of the balks. The stem is raised 
sufficiently to allow the two casks to be placed under the ponton 
directly below the stern lashing rings, so that the chafing battens 
rest on the bilges of the casks. The pontoniers, who are stationed 
on each side of the ponton, seize it by the gunwales and push it 
forward toward the wagon, rolling It on the casks. As soon as the 
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44. Tnsfle kfiic* wfier a wvteicoaiM (flg. 61).— Tbe abatment siU is 
laid in the usual manner, and a raft is constructed of two pontons 
connected by two balks lashed to the outer lashing hooks. The raft 
is partially decked by laying chess between and parallel to the balks, 
thus covering the first ponton and part of the second. On this raft 
the members of the trestles are placed, the caps and less on the balks 
and over the second ponton, and the wedges and shoes in the bow and 
stern of the first ponton. The raft Is brought opposite to the abut- 
ment, and is, at the commencement of the operation, held in position 
by the cable men with their shore lines; afterwards by cables from 
up and down stream anchors. 

A trestle (fig. 62) is assembled with Its cap resting on the ends of 
the balks which overhang the first ponton of the raft. Its legs hori- 
zontal and pointing toward the abutment. The trestle being righted 
and the balks engaged on its cap, the raft is pushed off and the balks 
are engaged on the abutment sill. The position of the trestle Is 
accurately adjusted by the cable men (ng. 63) and the legs are 
thrust down and driven with a maul Into the bed of the stream. 
To allow for the tendency of the legs to spread apart when driven 
Into the ground, they should, when first touching bottom, make a less 
angle with the vertical than 11*. As soon as the legs are settled Into 
place the pins and wedges are placed and the raft Is disengaged* The 
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remaining trestles are similarly placed, and the roadway Is finished 
as usual. The trestle bridge depends for its stability upon the 
strength of the claws on the balks and upon the immovability of the 
abutment sill; the Importance of picketing the latter strongly will 
therefore be apparent. Though the trestle is In every respect In- 
ferior to the ponton bridge, yet the facility with which trestles may 
be constructed on the spot, whenever the requisite lumber can be 
obtained, renders this method very important. There are always an 
abundance of men In an engineer company who can construct rough 
trestles which will answer every purpose. 

■ The bridge is dismantled by bringing up the raft and reversing 
the operation just detailed. 

45. Bracing trestle bridges. — To prevent a trestle bridge from col- 
lapsing, diagonals are sometimes Inserted between the trestles. This 
may be done by driving poles in a slanting direction into the bottom 
of the river and then talking them to the caps, or by spiking diagonals 
on the trestle legs. The continuous passage of troops In the same 
direction has a tendency to overthrow the trestles, particularly when 
the floor of the bridge is not level. 

IMPROVISED FLOATING BRIDGBS. 

46. The same principles are applicable in this case as in that of 
ponton bridges, whether boats of commerce, timber rafts, bailrel piers, 
or other supports are used. 



PONTON HANTTAIu 



81 



Where boats of commerce are used the following additional pre- 
cautions, however, must be observed : 

As the boats are not usually of a uniform size, the length of the 
balks for each bay should be so proportioned to the'capaaty of the 
boat which sustains them that the bridge will not be endangered 
even when the bay is covered with as many men as can be crowded 
on it. 

The boat next to each abutment must be strong and large. 

Large boats should be selected for the strongest part of the cur- 
rent, so that they may be as much separated as possible. The bridge 
will then ofTer less obstruction to the current, and will also be in less 
danger from floating bodies. 
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Fig. 61. — ^Trestle bridge over a water- 
course. 



Fig. 62. — Trestle 
assembled. 



The intermediate boats should increase or diminish in size gradu- 
ally to avoid a sudden change in the level of the roadway. 

The gunwales of the boats should be brought as nearly as possible 
to the same level. This is effected by cutting down the larger boats 
or loading them until they are sufficiently deep in the water ; this 
latter expedient increases the strain on the cable and should not be 
resorted to in a strong current. In the smaller boats the gunwales 
must be raised, or a trestle, composed of a bottom and cap sill, united 
by stanchions of the proper length, is placed in the axis of the boat 
and kept vertical by braces. 

The balks, when timber of sufficient dimensions can be procured, 
should be lashed over both gunwales of the two boats on which they 
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rest. If the timber is not sufficiently long to admit of this arrange- 
ment, the following course is adopted: The balks of the first bay rest 
on both gunwales of the first boat ; in the second bay the odd- 
numbered balks rest on both gunwales of the first and on one gun- 
wale of the second and the even-numbered balks on one gunwale of 
the first and on both gunwales of the second ; the odd-numbered of 
the third bay rest on both gunwales of the second and on one gun- 
wale of the third boat, etc. 

If a bridge thus made is subjected to the action of waves, the oscil- 
lating motion produced will soon loosen the balk lashings and destroy 
It and the use of saddles will be necessary. 
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IMPKOVIBED PILE DRIVER. 

47. When an ordinary pile driver is not available one may be im- 
provised from the material contained In the bridge train in the fol- 
lowing manner (fig. 64) : A raft is formed of two pontons covered 
with balks and diess ; on the side rails are laid two balks b h, which 
are secured to the pontons bv bolts and lashinga Two balks o e are 
placed vertically, notched 2 inches deep* and bolted to the balks d d. 
They are stayed by the balks d d and the gays r r and by a cap f. 
The hammer A is a log of heavy wood, abont 16 inches in diameter 
and 4 or 6 feet long, smoothed on two opposite sides to fit between 
the balks o c. Two pins are driven into the hammer on each side 
near the top and bottom to serve as goldes. A single block is attached 
to the cap by a ring bolt or rope ; through this block a fall is passed 
provided with a hook at one end for the purpose of attaching it to 
the hammer. To the other end a number of balk lashings are 
attached, by means of which the hammer is raised by men on the 
raft. The raft is held in position by three anchors, the cables from 
two of which are attached to the bow and that from the third to 
the stem of the raft. 

AIDS TO PASSAGE OF BRIDGES. 

48. Rsmps.i — ^Abutment bays and approaches should not be steeper 
than 1 : 7 for artillery nor than 1 : 10 for other wheeled transportation. 
Where the slope is steeper than 1 : 20, cleats should be nailed to the 
chess in wet weather to give the animals a footing. 

49. Cover for the roadway. — ^The travel on a bndge soon wears out 
the chess, while the noise and sUpperiness of the latter are alarming 
to animals. The chess should be covered, whenever possible, to pre- 
vent these troubles. Straw and weeds about 6 inches thick, earth 
not over li inches thick, sand not over 1 inch thick, or other suitable 
covering, may be used between the side rails. 

50. Gaard rope. — ^Animals sometimes become confused and alarmed 
in pasing over running water, and may even leap off the bridge. To 
increase their confidence a guard rope may be stretched between stakes 
lashed to the side rails. 

RULES FOR THE CARE OF BRIDGES. 

51. An engineer officer, with a suitable detail of engineer troops, 
is assigned to the charge of each bridge. This officer Is refiK>onsible 
for the safe and speedy passage of the command, and his orders and 
those given by the bridge guard, pursuant to his Instructions, must 
be strictly complied with by all persons crossing the bridge. <Par. 
103, P. S. R., 1914.) 

When a body of troops approaches the bridge its commander is in- 
formed of any special provisions to be made for passage. Cavalry 
and other mountea troops cross in colunm of two, the men dismounted 
and leading their horses. 

Officers and men individually mounted are warned to dismount and 
lead their mounts should the latter be restless. 

Infantry cross in column of squads at route step. Artillery cross 
with intervals of at least one bay between carriages of light artillery 
and of at least two bays between carriages of heavy artillery. 



Wagons and trucks cross with Intervals of one or more bays, de- 
' ig on their loads. Wheels of vehicles must not be locked on 
the bridge. Vehicles that are too heavily loaded will be required to 



remove part of their loads before entering the bridge. 

As soon as they have passed off the bridge troops and vehicles in- 
crease the gait for a reasonable distance m order to clear the exit 
promptly. 

In crossing cattle and loose animals, groups of from five to six only 
are admitted to the bridge at one time. 

Columns of troops will not be allowed to pass each other on the 
bridge. When two columns approach the bridge from opposite direc- 
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tions both are baited until the officer in charge decides which is to 
pass first. 

Halts on the bridge should be avoided, but if necessary to halt a 
column or part of it on the bridge to stop dangerous oscillations or 
repair damage the necessary directions for halting and resuming the 
march are giyen by the officer in charge. 

The side rails and the portions of the chess outside of them are 
for the use of the bridge detachment, and their use by other persons 
will not be nermltted^ 

52. Guards. — In addition to the troops assigned to the defense of 
the crossing a special bridge guard is established when necessary 
under the orders of the officer in charge. The bridge guard posts a 
sentinel at each extremity to give warning of the approach of col- 
umns and one or more sentinels on the bridge to watch for floating 
objects liable to injure the bridge. These sentinels give warning 
when the bridge is in danger from any cause and see that the 
regulations for passage are complied with. 

53. To prevent damage to the bridge from floating objects a detach- 
ment in boats is stationed at different points 'across the river about 
1,000 yards above the bridge. The detachment is provided with 
cables, anchors, grapnels, hammers, etc, and should tow all dangerous 
material to shore above the bridige. If this can not be done, an 
anchor line is made fast to the object and the anchor so cast that 
the first strain on the cable will be oblique to the direction of the 
current ; the body will then swing around and lose part of its mo- 
mentum, thus relieving the cable of a portion of the strain. Patrols 
should be sent farther upstream to watch for dangerous floating 
objects. 

54. The work of the guard may sometimes be lightened by con- 
structing above the bridge a boom, composed of trees or logs, united 
by chains, and forming a continuous barrier to floating objects. It 
should form an angle of about 20* with the current, which will re- 

Snire the length to be two and three-quarters times the width of the 
ver. As a boom is not a reliable protection, it should be established 
at a considerable distance above the bridge. 

55. Other precaattons. — Where much drift is expected the bridge 
should have several draws provided for the passage of floating bodies. 
In freezing weather the cables should be protected with cloth or 
marline or by wooden housings extending each way from the surface 
of the water. 

56. The officer In charge of the bridge will frequently inspect the 
cables to see that they are not chafing and that the anchors do not 
drag. He will cause rack lashings to be tightened when they work 
loose and pontons to be bailed when they leak or lEAiip water. 

57. There should be collected near tne entrance to the bridge a 
supply of spare balks, chess, cordage* etc^ with whi<di to repair any 
injury to the bridge. 
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TRANSPORTATION OF BRIDGB EQUIPAGE. 

1. Shipments by nil* — ^Ponton equipage will preferably be shipped 
with all carriages fully loaded, tongues removed, front trucks, when 
practicable, turned 180**, and all the wagons pointing in the same 
direction. Any other method of loading will involve much loss of 
time, both at point of shipment and of deliyery. End-opening gondola 
cars are preferable, but flat cars can be used. The 40-foot car is 

Preferable for this purpose. Cars shorter than 86 feet are unsuitable, 
'he following is the number of 40-foot cars required for shipment of 
the equipage as above indicated : To each division of light equipage, 
7 cars; to each division of heavy equipage, 10 cars. If 36-foot cars 
have to be used the following numbers will be required : To each 
division of light equipage, 12 cars; to each division of heavy equi- 
page, 13 cars. 

2. Where mixed lengths of cars are used the number required for 
the heavv equipage may be determined from the following data: 
Each 40-ioot car will carry one ponton wagon and one chess wagon, 
or one ponton wagon and one tool wagon, or one trestle wagon and 
one chess wagon, or one trestle wagon and one tool wagon, or two 
chess wagons or two tool wagons, or one chess wagon and one tool 
wa^on. Each d6-foot car will carry one ponton wagon or one trestle 
wagon, or two chess wagons or two tool wagons, or one chess wagon 
and one tool wagon. A balk wagon takes the same space as a ponton 
or trestle wagon. With care three chess wagons can be loaded on a 
40-foot car, but it should be done only in an emergency. 

3. In loading a division of heavy equipage on 40-foot cars the fol- 
lovrlng arrangement is preferable : One car, one tool wagon and one 
trestle wagon; four cars, one ponton wagon and one chess wagon 
each ; four cars, one ponton wagon each ; one car, one trestle wagon. 
Blve of these cars may be 36-ioot cars without affecting the load- 
ing. An army wagon or a company tool wagon may be placed on 
each 40-foot car carrying but one ponton or trestle wagon. The 
wagons should be loaded from one end of the train. To load a pon- 
ton and a chess wagon on the same car the chess wagon should be 
loaded first and the ponton wagon run forward until the stern of 
the ponton overhangs the chess. 

In loading a division of heavy equipage on 36-foot cars the fol- 
lowing arrangement is preferable: Oiie car, one tool wagon and one 
chess wagon ; two cars, one trestle wagon each ; eight cars, one pon- 
ton wagon each ; one car, two chess wagons ; one car, one chess wagon. 

4. When mixed lengths of cars are used the number required for 
the light equipage is determined from the following data: A 40-foot 
car will take any two carriages of the light equipage. If 36-foot cars 
are used, one car must be allowed for each ponton wagon, for each 
trestle wagon, and for each two of the other wagons. 

5. In loading light equipage on 40-foot cars, the following arrange- 
ment is preferable : One car, one tool wagon and one trestle wagon ; 
two cars, one ponton wagon and one chess wagon each ; three cars, 
two ponton wagons each ; one car, one trestle wagon. - An army 
wagon or a company tool wagon may be placed on the car.vrith the 
trestle wagon. 

In loading light equipage on 36-foot cars the following arrange- 
ment is preferable : One car, one tool wagon and one chess wagon ; 
two cars, one trestle wagon each ; eight cars, one ponton wagon each ; 
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built at tbe cdiI of tbe train at whlcb loading takee place. A snatch 
block 1h rigged at the far pod of the car to whlcb the ramp lends 
and a rope is run tbraugh the blook. A loading hook (flg. 86) Is 
fastened to the end leading dlrectl; down the ramp. A pair of mules 
In lead harneaa la hitched to the rope. Aa each wagon is brought to 
tbe «nd of tbe ramp Its team Is taken out and the loading book on 
tbe rope la placed in the ring at the end of the tongue. Two men 
take bold of the tongue and guide tbe wagon while It Is pulled abotud 
bf tbe males attached to the end of tbe rope. 



Fia. 66. — Ramp. 



another wagon. 
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rough t np In turn and loaded In the same 
oiicominlBBloned officer sees that each wagon 
1 car, tongue removed, front tmck reversed 
<e set, and then sends the detail to bring, np 



Be scantlings are spiked 
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to be loaded will require 48 linear feet of 3 by 4 inch scantling. As 
Boon as a wagon is blocked it is lashed on with an anchor cable. 
The method of lashing a ponton wagon is shown in figure 71. An 




Fig. 67. — ^Trestle. 



alternative method is to make the cable fast to a stanchion socket 
and reaye it as follows : Rear lashing ring, midway ftanchlon socket, 
forward lashing ring, forward staunchion socket, pass to other side 
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Fio. 68. — Wooden horse. 

of car and reave in reverse order, colling excess cable in the boat. 
All wagon brakes are set and tied fast with a lashing. Wagon 
tcnflfues may be lashed to the wagons or placed in the boats. Car 
brakes are then replaced and, if gondolas 
are used, the end gates are raised. 

7. Loading animals. — Animals are loaded 
in the usual manner, the officer in charge 
of the loading directing each team to pro- 
ceed to the cars as soon as it is evident 
that it will not be required for further 
hauling. Where no loading platforms are 
available ramps may be built of the 
bridge material. A guard rope should be 
run on each side of the ramp. 

8. Care of equipage en rente. — ^An officer 
with a detail of troops, and the necessary 
animals to move the wagons should ac- 
company each section or train carrying 
ponton equipage. Two men ride with the 
wagons, moving from car to car from time to time to see that the 
material rides well. When any of the material is seen to be in danger 
the conductor is notified. At stops all blocking and lashings are '* 
amined and, if necessary, are pat in order. 




Fio. 69. — ^Loading book. 
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9. DrtrabUMc — Dettatnlag takes piece from one end of the train, 
preferablT that oppoBlte ttom tbe one at Vhlch eotrBlnliig took place. 
The blacEs and laslilitg are removed and a ramp in conatmcfed If 

Dtcesaarj. Tbe trake handles are removed and croaalnKB put In place 
between cars. Tbe tront trucK ol tbe flret vagun la turned arouDd 
and the tougne Inserted. A block Ib ligsed as tor eotralnliiK, The 
loading hook la secured to tbe rear of the wagon, while a tutu 
around a convenient object Ib taken with the other end ol the rope, 
whicb la held b; two meo. Two men guide the wagon, which Is then 
let down the romp, the men on the rope slacking off slowlr and atead- 
ily. As BOOH as the wagon is off the ramp Its team ahonld be 
attached and the wason lemoeed withoDt delay. Other wagons are 
moved b; hand to the ramp and unloaded In tbe same manner. 



Fio. 70. — Blocking. 

10. Time— Where proper facilities are available a division of eqni- 
psge can be loaded or unloaded In two bonra. 

11. SUpmcnti br water.— It Is somettmea dealrahle to move the 

Sionton equipage by water. In such cases they may be rafted In the 
ollowlng manner : Bach pontOD la loaded wltb 20 chess and T balka, 
tbe lattur uppermost. Hafts are then constructed, by placlog 4 pon- 
tons Bide by Bide ; 2 balka are laid across their gouwales. one over 
the front and the other over the rear lashing rings and secored 
firmly to all 4 boatn. The raft which Is to be attached to the tnw- 
Ilne of tbe ateamer has a balk lashed to and In rear of Itslo 
posta; to tbla the towUne IB attached. ._.-_ 




Fio. TL — Laahlng ponton wagon oj 

middle boats and tbe corrcBponding stern mooring posts 0/ the raft 
preceding. As a precantlon aipilnst the accidental parttne of any of 
these lines a cable should be stretched along the ails of the entire 
raft and made fast to the steamer. 

The number of rafts In a tow and tbe distance between them wUl 
be' governed by the anticipated roughness of the water. In smooth 
water an ordinary tug will coDvenisntly draw 40 pontons. 

Each raft should always have a crew of four men provided with 
oars for steering, and with spare lashings for repairing damages. 

When It Is reqalred to transport carrlases they may be taken apart 
and packed Into tbe poatons ; but if the water Is comparatlTely smooth 
the loUowIng Ib a better method : Bafbn are formed of two pontons 
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covered with a platform, thus presentiiig the appearance of one bay 
of a bridge. This platform, which is 27 by 18 feet, will carry four 
ordinary wagons, or four ponton wagons if they are unlimbered. 

These methods of moving the ponton trains were used repeatedly 
In the campaigns of .the Army of the Potomac, and were found to be 
more safe and expeditious than transportation in Ughters. 

12. OTerHMa traiisportation. — When equipage is to he moved over-sea 
the loads are removed from the carriages and the latter are taken 
apart for shipment. In loading the following general rules should 
be observed : fiach wagon, its load, animals, harness, and driver, will 
all be on the same vessel. When practicable, pontons will be stored 
where they can be readily gotten at for calking en route and for use 
in landing. Harness for each team will be packed in sacks and 
plainly marked for identification. 

If the landing takes place at a wharf, each wagon will be set up, 
loaded, and driven off as soon as possible to clear the wharf. If the 
landing be by lighters, rafts may be made of the boats and used as 
lighters. Animals may be swum ashore or, if the water be calm, 
may be taken aboard the rafts. 

13. Unloading tnmsporti. — In quiet water pontons floored with chess 
may be used for landing supplies from ships. Six tons may be car- 
ried at a trip in smooth water. Field guns and, if necessary, sie^ 
guns may be landed in still water by the use of rafts. In quiet 
water, a landing stage, consisting of a short section of bridge, may 
be built for convenience in unloading. 

14. Instmction of driven. — Drivers for the ponton equipage should 
be given instructions from time to time with a view to insuring pro- 
ficiency in handling wagons and teams on the march and in restricted 
positions. For the purpose, pontons of the equipage should fre- 
quently be taken over dimcult roads and ground, and should also be 
caused to execute simple movements, following the general principles 
and methods prescribed for field artillery. 
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